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ing  stages  of  P.  falciparum  were  cryopreserved  by  snap- 
freezing in  liquid  using  glycerol  as  cryoprotectant . Gameto- 
cytes of  P,  falciparum  differentiated  over  8-10  days  from  ring 
stages  put  into  culture  and  also  from  merozoites  released  in 
culture.  Gametocytes  grew  less  well  in  cells  containing  HbF . 

P.  malariae  in  culture  grew  to  the  schizont  stage  only. 
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^2tsolates  of  P.  falciparum  from  98  patients  have  been 
cryopreserved.  L-Erpm  all  patients  serum  samples  were  collected 
along  with  infected  bToStl  and -from  25c/o  of  them  2-3  weeks  later 
after  minimal  chloroquine  treatment.  Preliminary  results 
confirmed  earlier  results  that  showed  higher  in  vitro  anti- 
parasitic  activity  in  post-treatment  sera  although  a few 
promoted  parasite  growth.  \ 

J 

Rodent  malarias 

^Increased  numbers  of  K cells  were  detected  in  the  spleens 
of  P « chabaudi  infected  mice. 

Mice  infected  within  two  weeks  of  irradiation  showed  some 
non-specific  resistance  to  P . chabaudi . If  infection  was 
delayed  to  22  days  post-irradiation  patasitaemias  were  enhanced. 
Enhanced  parasitaemia's  were  also  seen  in  mice  injected  with 
spleen  or  bone-marrow  cells  immediately  after  irradiation. 

Jplmmune  serum  had  enhanced  activity  in  irradiated  mice. 
Cyclophosphamide  treatment  before  infection  also  depressed  the 
early  stages  of  the  primary  P,  chabaudi  parasitaemia. ! 

- 

^'Adoptive  transfer  experiments  confirmed  the  role  of  T cells 
in  immunity  to  P.  chabaudi.  One  role  of  the  T cells  is  to  act 
as  helper  cells.  ^ 
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Summary 


Plasmodium  faloiparum 

A method  for  oryopreserving  ring  stages  of  P.  falciparum 
is  described  using  glyoerol  at  a final  concentration  of  17$ 
(v/v) . The  parasitized  blood  with  glycorol  was  snap  frozen 
in  liquid  N„  and  after  thawing  were  washed  with  sorbitol 
solution  prior  to  putting  the  parasites  into  culture,  (The 
thaved  blood  is  now  washed  with  docreaslng  concentrations  of 
salt  solution  (fj,5$  — ^ 0,9$)  as  an  alternative  to  sorbitol,) 
Trophozoites  and  schizont-infected  cells  did  not  survive  snap- 
freezing, 

P,  malarlae  grow  to  the  schizont  stage  din  microoultures 
but  showed  little  if  any  reinvasion  wheroas  a small 
contaminating  population  of  P,  falciparum  completed  2-£  cycles 
and  overgrew  the  P,  malar la o. 

Gametocytes  of  P«  falciparum  differentiated  in  lif  of  k2 
microoultures  of  h-5  days*  duration  and  7 of  8 cultures  of 
10  days*  duration.  Morphologically  mature  looking  gameto- 
cytes took  C— 1 0 days  to  devolop,  Gametocytes  differentiated 
from  rings  put  into  culture  and  also  from  merozoites  released 
in  culture  and  grew  less  well  in  colls  containing  KbP, 

Ono  hundred  isolates  of  P,  falciparum  from  93  patients 
wore  oryoprosorved  and  are  being  tested  both  for  their 
ability  to  survive  oryopresorvation  and  also  to  adapt  to 
continuous  culture.  Eighty-seven  per  cent  of  these  isolates 
completed  oyole  of  growth  and  multiplication  when  a sample  of 
tho  blood  was  put  into  miorooulture  prior  to  oryopresorvation. 
About  25$  of  the  pationts  provided  a serum  sample  at  the  time 
the  parasitized  blood  was  collected  and  a second  2-3  weeks 
later  (return  serum).  Both  serum  samples  aro  being  tested 
for  in  vitro  antiparasitio  aotivity  against  homologous  and 
heterologous  parasite  populations  after  the  parasites  had  been 
thawed  and  put  into  miorooulture.  Preliminary  results  showed 
highor  inhibitory  activity  in  return  sera  although  a few 
promoted  parasite  growth,  (Those  experimonts  aro  still  in 
progress,) 

Rodent  malarias 


Preliminary  experimonts  indicated  tho  presence  of 
increased  numbers  of  K oolls  in  tho  spleons  of  P,  chabaudi 
infected  mioe,  i,e,  non-phagooytio  spleen  oells  which  lysed 
chicken  red  oells  in  tho  presence  of  spooific  antibody. 
Increased  K colls  aotivity  was  not  detooted  in  the  peripheral 
blood  oolls  of  malarious  ohildron,  (Those  latter  experiments 
were  not  entirely  satisfactory, ) A rolo  for  antibody- 
dependent  cellular  oytotoxioity  in  tho  oontrol  of  malaria 
infootions  is  suggested  by  those  results. 
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Mioo  given  600  rads  irradiation  showod  some  non-speolfio 
resistance  to  P.  chabaudi  compared  with  non-irradiated  mice 
if  infected  within  two  weeks  of  irradiation  but  enhanced 
parasitaomias  if  challenged  22  days  after  irradiation*  Mioo 
given  600  rads  and  injected  with  syngoneio  bone-marrow  or 
spleen  cells  on  the  following  day  showod  no  non-spooifio 
resistance  to  infection  9 days  later  but  showed  enhanced 
paras itaemias*  The  nature  of  tho  non-spooific  resistance  is 

thought  to  bo  indicative  of  a stimulated  reticuloendothelial 
system*  Tho  basis  of  tho  enhanced  parasitaemias  in  the 
irradiated  mioo  is  not  yet  determined*  Passively  transferred 
immune  serum  had  enhanced  activity  in  irradiated  recipients* 
Cyclophosphamide  also  depressed  the  early  primary  parasitaemia 
in  mice  given  300  mg/Kg  or  150  mg/Kg  3 days  boforo  infection. 

In  tho  former  mioo  tho  patent  parasitaemia  was  subsequently 
prolonged  compared  with  the  controls* 

Pleated  P*  ohabaudi  infected  red  cells,  as  a vaccine,  gave 
slightly  less  protection  than  irradiatod  parasitizod  rod  oells* 

Thyraoctomizod,  lothally  irradiatod  and  reconstituted  NIH 
mioo  had  more  severe  relapsing  parasi taemias  than  oontrols 
confirming  a role  for  T colls  in  immunity  to  P*  chabaudi* 
Treatment  of  onriohod  spleon  T coll  populations  from  immune 
mice  with  antithymooyto  sorum  in  one  experiment  sovorely,  and 
in  anothor  to  a lossor  oxtont,  diminished  their  ability  to 
protoot  syngonoic  600  rad  irradiatod  recipients  against  a 
P«  chabaudi  challenge*  Passivo  transfer  of  serum  from 
roclpionts  of  enrich  immuno  T colls,  glass-wool  filtered 
immuno  cells  or  normal  spleen  oells  collected  11  or  14  days 
after  the  cell  recipients  were  challenged  showod  proteotivo 
activity  in  tho  sera  of  Immuno  T and  immune  ooll  roolplonts 
on  day  14  but  tho  higher  activity  was  in  tho  sera  of  the 
lattor  mice*  On  day  1 1 only  tho  sera  from  tho  immuno  cell 
recipients  had  moasurable  activity.  It  is  suggested  ono 
of  tho  protective  activities  of  tho  adoptively  transferred 
colls  is  in  loading  to  the  elaboration  of  proteotivo  anti- 
bodies, the  T colls  acting  as  holpor  colls*  Adherent  spleon 
colls  separated  from  an  immuno  spleon  ooll  population  by 
incubating  tho  colls  for  25  hours  in  potri  dishes  at  37°C 
gave  good  protection  to  irradiated  recipients  whereas  the  oells 
adhering  after  16  hours  gave  no  protection. 

Tho  results  and  tho  furthor  oxporiments  planned  are 
discus sod. 
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Malaria  is  still  a major  health  problom  in  many  parts  of 
tho  world,  Noarly  500  million  people  live  in  areas  where 
there  are  few  or  no  control  measures  against  tho  diseas o 
(W.H.O,  1977).  In  somo  parts  of  tho  world,  suoh  as  India, 
malaria  is  showing  a resurgence.  It  is  thought  that  tho 
development  of  a vaocino  against  malaria  will  greatly  help 
roduco  tho  importance  of  malaria  as  a major  cause  of  death 
and  morbidity, 

Tho  immune  rosponso  to  an  antigon  is  subjoct  to  regulatory 
prooosses  which  at  any  ooo  time  con  determine  its  intensity 
and  nature.  It  appears  to  be  possible  in  some  situations 
to  interfere  with  these  regulatory  mechanisms  in  order  to 
promote  one  aspect  of  tho  immune  response  to  an  antigon, 
such  as  malaria  parasitos,  rather  than  another,  A detailed 
knowledge  of  the  character  of  tho  immune  responses  to  malaria 
parasites  and  of  the  ways  in  which  immunity  aots  against  tho 
parasites  will  indicate  which  aspoots  of  the  Immune  rosponso 
to  the  parasites  should  be  preferentially  stimulated  by  a 
vacoir.o,  It  is  on  this  basis  that  the  studies  report od  below 
were  carriod  out, 

Tho  study  has  concornod  tho  following  areas: 

1 , cryoprosorvation  of  Plasmodium  falciparum  for 
in  vitro  culture; 

2,  gamotooytogonosis  of  P,  falciparum  in  vitro: 

3,  specific  porasito  inhibitory  antibody  rosponso 
to  populations  of  P,  falciparum: 


hi  mechanisms  of  protective  malarial  immunity  in 
rodents. 
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Part  I 


Immunity  to  Flasmodium  faloiparum  in  man 


Introduction 


This  part  of  tho  study  was  carried  out  in  cooperation 
with  Dr  RaJ,M*  Wilson  (Hodical  Rosoaroh  Council)  at  tho 
M,R#C*  Laboratories,  Fajara,  Tho  Gambia,  West  Afrioa,  with 
tho  help  of  tho  rosident  technical  and  modical  staff* 

Tho  Gambia  is  a hyporondomio  malarious  aroa* 

P»  falciparum  accounts  for  almost  all  tho  cases  of  malaria 
with  tho  occasional  caso  of  P>  ovalo  and  P,  malar iao* 

Although  malaria  transmission  occurs  throughout  tho  yoar  in 
Tho  Gambia  tho  majority  of  casos  occur  during,  and  for  2 or 
3 months  aftor,  tho  annual  rainy  soason  which  usually  lasts 
from  July  to  Ootobor*  Thoro  is  a high  mortality  rate  from 
the  disease  in  children  botwoon  3 months  and  3~k  years  old* 
Children  who  survive  those  early  years  gradually  build  up  an 
offootivo  immunity.  Up  to  adolosconco  this  immunity,  an 
antitoxic  immunity,  froquontly  is  only  sufficient  to  prevent 
children  showing  clinical  symptoms  in  spito  of  carrying 
dotootablo  parasitaemias  but  by  adulthood  a strong  immunity 
has  boon  established*  Sven  at  this  stago  in  their 
development  occasional  parasitaomic  opisodos  can  bo  doteotod 
in  tho  Gambians*  Even  in  individuals  living  all  thoir  lives 
within  ono  locality  it  takes  sovoral  years  of  oxposuro  to 
P«  falciparum  before  an  effective  immunity  to  tho  parasite  is 
attained  and  ovon  in  immune  individuals  tho  parasite  may 
persist  alboit  at  a chronic  and  usually  sub— patont  level,  A 
number  of  possible  explanations  can  be  proposod  to  oxplain 
why  tho  establishment  of  a bonofioial  lovol  of  aoquirod 
resistance  tokos  so  long  and  oven  whon  this  has  been  achieved 
why  parasitos  may  still  survive  and  multiply.  Two  possibili- 
ties wi^.1  bo  discussed  at  this  stage*  First,  it  is  likely 
that  ovon  within  ono  looality  thoro  oxists  a largo  number  of 
'strains*  of  P,  falciparum,  oach  of  which  necessitates  a 
spocific  lmnuno  rosponso  from  tho  host  and  that  it  is  sovoral 
years  beforo  any  ono  Individual  has  boon  exposed  to  most  of 
tho  oxlstlng  strains  within  a locality.  It  might,  however, 
be  anticipated  that  sensitization  to  ono  * strain*  would 
promoto  a moro  rapid  response  to  othors*  Gooondly,  during 
the  course  of  tho  asexual  blood  phaso  of  an  infootion 
following  tho  bito  of  a single  mosquito,  tho  porasito  may  be 
ablo  to  chango  ropoatodly  its  antigenic  character  in  ordor 
to  oscapo  from  tho  effects  of  tho  liost*s  immune  response 
against  it,  i,o,  tho  parasito  might  undergo  tho  pattern  of 
antigonlo  variation  so  characteristic  of  tho  sleeping  sickness 
trypanosomes  and  splrochaotes.  It  is  quite  cloar  that  in  the 
preparation  of  an  antimalarial  vaccino  it  will  bo  very 
important  to  ostablish  whothor  P,  falciparum  does  exhibit  tho 
dogroo  of  antigonic  variability  suggostod  abovo.  The  study 
corriod  out  in  The  Gambia  and  reported  hero  was  designed  to 
try  and  give  information  in  this  area. 
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Immunity  to  P.  falciparum  In  man,  in  part  at  least,  is 
humoral*  Cohon  ot  al,"  (19  61 ) poolod  sorum  from  a number  of 
adult  Gambians,  soparated  out  tho  IgG  fraotlon  and  showed 
that  this  IgG  had  thorapeutio  activity  when  injeotod  into 
ohlldron  with  aoute  P«  falciparum  infootions,  The  immuno 
IgG  appoared  to  be  antiparasitio  when  the  parasite  in  red 
oells  reached  tho  maturo  (sohizont)  stago,  Suoh  passive 
transfer  studios,  however,  oould  clearly  for  practical 
reasons  not  bo  roadily  oxtendod  to  oxamino  tho  effect  of 
serum  from  single  individuals, 

Tho  asoxual  blood  pirns o of  tho  monkey  malaria, 

P,  knowlosi.  can  be  grown  through  a comploto  oyclo  in  vitro 
(soo'  Trigg,  1365),  Multiplication  rates  of  5-8  times'  ’oan 
bo  obtained  whon  cultures  are  initiated  with  late 
trophozoites  or  oarly  schizonts.  Brown  ot  al,  (i960,  1970) 
and  lator  Oohon  and  Butohor  (1970)  used  this  culture  systom 
to  show  that  tho  sorum  from  monkeys  immune  to  P.  knowlosi 
oan  reduoo  tho  rate  of  rolnvasion  of  frosh  rod  colls  and 
hence  tho  multiplication  rato  of  P,  knowlosi  in  vitro, 

Tho  growth  of  P,  knowlosi  from  ring  to  sohizont  stagos 
within  tho  rod  coll  was  not  affootod  by  tho  immuno  serum. 

This  oulturo  system  thoroforo  provided  a sensitive  measure 
of  tho  antiparasitio  activity  of  at  least  one  typo  of 
antibody  in  tho  sorum  of  immune  monkoys,  Phillips  ot  al, 
(1972)  extended  thoso  studies  on  simian  malaria  to 
P.  falciparum  in  man,  Thoso  workers  devised  on  in  vitro 
sub-culturo  toohniquo  for  the  asexual  blood  stage  of 
P.  falciparum,  Infootod  blood  was  takon  from  infant 
Gambians  and  the  asexual  blood  stage  was  grown  through  two 
and  a half  oyolos.  Multiplication  rates  of  3-8  timos  were 
achiovod  after  roinvasion  in  tho  first  cycle  of  development. 

It  should  be  noted  that  tho  in  vitro  culture  of  P«  falciparum 
posos  two  major  problems  not  associated  with  P.  knowlosi. 
First,  tho  former  parasito  takes  48  hours  to  oonploto  its 
asexual  growth  cycles  in  tho  blood  oomparod  with  24  hours 
for  P.  knowlosi  and  sooondly,  P,  falciparum  but  not 
P,  knowlosi  withdraws  from  the  peripheral  circulation  at  tho 
late  ring  stage.  This  necessitates  that  P,  falciparum 
infected  blood  is  introduced  into  in  vitro  culture  at  a 
relatively  oarly  stage  in  the  parasit’o*  s asexual  growth  oyclo, 
Phillips  ot  al,  (1972)  subsequently  oxaminod  tho  ability  of 
15  sera  token  from  adult  Gambians  to  inhibit  roinvasion 
v"*i'f:T,n  by  P,  falciparum  and  of  thoso  sera  2 had  clear 
inhibitory  activity.  This  was  tho  position  when  tho  study 
(Annual  Roport  DAJA  37-73C-3492)  was  initiated,  Tho  results 
from  this  and  Annual  Roport  DAJA  37-7 5C-1 620  aro  summarised, 

Tho  sub-aulture  technique  used  by  Phillips  and  his 
co-work or a was  carried  out  on  a relatively  large  scale  and 
the  amount  of  oaoh  sorum  sample  used  in  each  test  for 
inhibitory  aotivity  was  correspondingly  largo.  Only  a few 
tosts  would  bo  carried  out  with  oaoh  sorum  samplo  because 
limited  quantities  woro  available. 
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Tho  in  vitro  culture  was  roducod  to  a microscale  in 
conventional  90-woll  miorotissuo  culture  plates  (soo  also 
Diggs  ot  al,,197l)»  Tho  growth  and  multiplication  rato  of 
tho  parasives  in  microoulturos  was  monitored  by  Giemsa’s 
stained  smears  made  from  tho  culturosy  by  measuring  tho 
incorporation  of  3li-isoloucine  or  production  lactate  into 
tho  supornatant,  In  excess  of  100  sera  from  Gambians  of 
all  ages  and  86  Nigerian  sora  wore  tostod*  Tho  majority 
of  sora  exhibited  a small  dogroe  of  inhibition  but  only  a 
fow  woro  strongly  inhibitory*  Some  sora  inhibited  parasites 
from  somo  childron  but  not  others*  This  variability  in 
activity  could  bo  attributed  to  antigenic  diversity  in 
P«  falciparum  coupled  with  tho  faot  that  specific  antibody 
responses  to  any  antigonic  typo  night  only  remain  at  a high 
lovol  for  a relatively  short  period*  In  order  to  match 
antiserum  with  a particular  parasito  population  of 
P.  falciparum,  infootod  blood  was  oryoprosorvod  whilo  tho 
infoctod  child,  aftor  troatmont,  mounted  an  immune  rosponso 
to  tho  population  of  Pf  falciparum  of  which  a sample  was 
oryoprosorvod,  Subsoqttontly,  tho  cryoprosorved  blood  was 
thawed  and  in  niorooulturo3  tho  ability  of  tho  parasites 
to  grow  and  multiply  in  tho  presence  of  protroatraont  and 
convalescent  sora  obsorvod.  Although  tho  cryoprosorvation 
procedure  was  crudo  sufficient  of  tho  tliawod  parasites 
survivod  and  grow  in  culture  to  show  that  convalescent  sora 
showod  both  spooifio  inhibition  of  homologous  parasites  and 
some  cross-reactivity  with  parasites  from  other  childron, 

Tho  prosont  roport  is  concomod  with  tho  following  areas 
of  investigation  which  followed  on  from  our  oorlior  studios, 

1 * Attempts  to  improvo  tho  mothod  of  cryoprosorvation 
of  P*  falciparum  for  culturo  purposos, 

2*  Attompts  to  culturo  P,  malariao* 

3*  Differentiation  of  gamotocytos  of  P*  falciparum 
in  vitro* 

4*  Culturo  of  oryoprosorvod  P,  faloinarum  in  tho 
prosonoo  of  pro—  and  post-troatmont  serum  from 
tho  donor  of  parasitized  blood* 


Cryoprosorvation  of  Plasmodium  faloiparum 

Wilson  ot  al,  (1977)  do3oribod  preliminary  investigations 
into  tho  optimal  froozing  conditions  for  tho  oryoprosorva- 
tion  of  rhesus  monhoy  blood  infootod  with  Plasmodium  lenowlosi* 
Thoir  findings  showod  that  tho  optimal  conditions  for 
cryoprosorvation  of  tho  rod  coll  woro  not  tho  host  for 
preservation  of  all  stagos  of  tho  parasito*  Ring  stage 
porasitos  in  dimothyl  sulphoxido  survivod  woll  after 
plunging  into  liquid  nitrogon  (Ng),  a procedure  which 
extonsivoly  damagod  trophozoitos  and  schizonts*  Tho  survival 
of  trophozoitos  and  schizonts  was  incroasod  by  holding  thorn 
at  -31 °C  for  30  minutes  bofore  plunging  into  liquid  No# 

In  this  noto  tho  preliminary  results  of  extending  somo 
of  tho  observations  of  I/ilson  ot  al,  (1977)  to  P,  faloiparum 
aro  doscribod. 


Materials  and  Methods 
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Parasite 

Blood  containing  the  ring  stages  of*  P«  falciparum  was 
oolloetod  from  patients  by  vonopuncture  into  heparinized 
Ringer’s  solution  (Goiman  et  al*,  1966)  to  givo  10-17  i,v, 
of  hoparin  per  mil*  The  donors  wore  mainly  infants  and 
ohildron  attending  the  out-patients  olinio  at  the  M,R,C, 
Laboratories , Tho  Gambia,  and  their  parasitaemia  varied  from 
0,5#  to  IO56*  Tho  inf 00 tod  blood  was  washed  twice  with 
modified  medium  199  (Welloome)  (Phillips  et  al,,  1972)  and 
the  packed  rod  oolls  rosusponded  in  eompatiblo  Caucasian 
serum  to  give  a 40#  suspension  of  rod  colls. 

Tissue  oulturo 

Tho  washed  parasitized  rod  oolls  woro  cultured  elthor 
in  21  flasks  as  described  by  Phillips  ot  al*  (1972)  to 
provido  early  sohizonts  or  in  microtissue  trays  as  dosoribed 
by  Phillips  et  al*  (1975)*  In  some  oases,  3^_iS0louoino 
(0,5  or  1 fCi  - spooifio  aotivity  26  Ci  nsnol”  ) was  addod 
to  duplioato  or  triplicate  wells*  Samples  for  microscopic 
examination  woro  taken*  Blood  smears  woro  stained  with 
Giomsa’s  stain* 


A sample  of  oach  isolate,  aft or  washing,  was  put  into 
culture  and  allowed  to  oomploto  ono  schizogony  and  undergo 
roimasion*  The  parasitaemia  obtolnod  after  roinvasion  was 
compared  with  that  obtainod  with  the  some  isolate  after 
freezing  and  thawing* 

Froozing  and  thawing  procedures 


Tho  washed  and  rosuspendod  red  oolls  woro  aliquoted  in 
0*25  ml  amounts  into  2 ml  sorow-cappod  storilin  propylene 
tubes  which  woro  kopt  on  ioo*  An  equal  volumo  of  an  ioo- 
cold  solution  of  tho  oryoprotoctivo  agont  was  added  to  oaoh 
0*25  ml  sample  of  parasitized  blood*  Tho  cryoprotoctants 
usod  woro  3 4#  glyoorol  (v/v)  (38  gm  glycerol,  2*9  gm  sorbitol 
and  0*63  gm  NaCl  in  100  ml  distilled  water)  (Mitchell  ot  al*, 
1972),  and  dimethyl  sulphoxido  (DMSO)  at  20%,  2k%  or  30# 

(v/v)  in  Ringor’s  solution  (Goiman  ot  al*,  1966),  Tlio 
glyoorol  solution  was  addod  drop-wiso  with  gontlo  agitation, 
DMSO  was  addod  rapidly  to  tho  rod  oolls*  Ring  stage 
paraoitos  woro  plungod  into  liquid  Ng  within  10-15  minutoo 
of  addition  of  tho  ory opr ot octant,  Kod  cells  containing 

early  sohizonts,  in  ono  oaso  (Exporlmont  30)  tho  parasites 
in  oithor  glyoorol  at  17#  or  DMSO  at  10,  12  and  15#  wore 
frozen  at  approximately  1°C  per  mlnuto  to  -70°C  and  wore 
then  plungod  into  liquid  Ng  ond  in  tho  other  oaso 
(Experiment  74)  tho  parasites  in  either  glycerol  at  17#  or 
DMSO  at  10#  woro  eithor  plungod  into  mothnnol  at  -25°C  and 
wore  held  at  this  tomporaturo  for  15  minutes  whoreupon  tho 
ampoulos  woro  plungod  into  liquid  Ng,  or  woro  plungod 
directly  into  liquid  Ng,  Thawing  was  carriod  out  by 
transferring  tho  tubes  from  liquid  Ng  to  a 37°C  wator-bath 
cs  rapidly  as  possible  and  gontly  agitating  the  tubo  for 
one  minuto*  Aftor  thawing  tho  tubos  wore  spun  at  250g  for 
3 minutes,  tho  supomatant  romovod  and  tho  oolls  were  washed 
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by  rosusponsion  and  centrifugation#  Thoro  wore  5 washing 
stops  as  indicated  bolov  during  whioh  tho  concentration  of 
sorbitol  was  gradually  reduced  from  17#  50  to  zero#  Each 
addition  of  tho  washing  solution  was  made  drop-viso  with 
gontlo  agitation  of  tho  rod  colls#  In  each  stop  the 
washing  solutions  woro  addod  in  sequence#  The  sorbitol  was 
made  up  in  phosphate  buffer  salinef  pH  7*2»  and  storllizod 
by  filtration#  Botwoen  each  step  tho  rod  colls  were 
deposited  by  oontrifugation  at  250g  for  3 minutos#  Tho 
washing  solutions  woro  kept  ice  cold# 

Stop  1 2 ml  17*5$  sorbitol  (S)  * 2 ml  100  S 

+ 2 ml  7.50  S. 

Stop  2 1 ml  100  S * 2 ml  7 #50  S + 2 ml  50  S. 

Step  3 1 ml  7 #5#  S + 2 ml  50  S * 2 ml  2.50  3. 

Stop  4 1 ml  50  3 + 2 ml  2#50  S + 2 ml  medium  199* 

Step  5 1 ml  2#50  S + 4 ml  medium  199# 

After  thoso  five  stops  tho  parasitized  oolls  woro  washed 
onoo  more  with  modifiod  modlum  199  and  the  packod  oolls 
resuspondod  in  compatible  Caucasian  scrum  to  400  haomatocrit# 
The  optioal  density  (at  412  nm)  of  the  supomatant  was 
moasurod  aftor  each  centrifugation# 


Scintillation  covin  ting 


Tho  proooduro  dosoribod  by  Wilson  ot  al#  (1977)  was  used# 


Results 


tion  of  ring  stage  parasitos 


Moro  than  100  isolates  of  P#  falciparum  havo  boon 
oryoproservod  as  part  of  a study  on  tho  effects  of  serum 
antibody  on  tho  growth  and  roinvasion  of  tho  parasito  in 
mioroculturos  (Wilson  and  Phillips , 1976)#  To  date,  18 
isolates  (stored  in  glyoorol  at  170  or  DMSO  at  100  - soo 
bolow)  havo  boon  tliawod  and  introduood  into  culture  over  a 
poriod  of  12  months#  Of  thoso,  13  isolatos  havo  givon 
adoquato  growth  and  roinvasion  rates  insofar  as  tho 
parasitaemias  aftor  roinvasion  in  the  miorooulturo  woro 
oomparablo  for  tho  samplos  of  tho  isolato  cultured  before 
and  aftor  froozing#  In  thoso  isolatos  ostimatos  of  tho 
viability  of  tho  thawed  ring  stages  by  examination  of  tho 
morphology  of  tho  parasitos  (in  Giomsa*s  stainod  blood  smoors) 
immediately  aftor  thawing  and  aftor  a poriod  of  growth  in 
oulturo  indioat od  that  40-500  of  rings  survivod  tho  froozing 
and  thawing  proooss  and  grow  normally#  A proportion  of 
tho  rings  wore  apporontly  sublothally  damaged  and  woro 
morphologically  abnormal  aftor  a poriod  of  growth  in  vitro 
(soo  Tablo  3)*  In  3 of  thoso  13  isolates,  immaturo 
gomotooytos  differ on tin tod  in  oulturos  of  tho  thawed  blood# 
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n the  remaining  5 isolates  less  than  10$  of  the  rings 
./ere  able  to  complete  schizogony  with  subsequent  reinvasion* 


Cryopreservation  of  red  cells  Infected  with  early  schizonts 

Infected  red  cells  with  ring  stages  were  put  into  bulk 
culture  (Phillips  et  al*9  1972)  and  grown  to  the  early 
schizont  stages*  The  blood  cells  were  then  washed  with 
medium  199  and  resuspended  in  compatible  Caucasian  serum 
prior  to  freezing  samples  of  the  isolate*  A sample  of  the 
resuspended  blood  cells  was  not  frozen  but  was  cultured  in 
microtitre  trays. 


In  both  attempts  to  freeze  schizont  infected  oells, 
the  parasites  after  thawing  showed  no  growth  in  culture. 
The  parasites  when  harvested  from  bulk  culture  and  after 
washing  put  directly  into  nicroculture  continued  to  grow, 
completed  schizogony  and  roinvasion  took  place* 

In  Table  1 is  given  the  optical  density  at  412  nm  for 
the  supernatants  after  thawing  and  during  the  washing 
procedure  for  Experiment  74 , together  with  the  red  cell 
count  after  tho  washing  colls  had  been  rosuspendod  in 
serum*  It  can  be  soon  that  plunging  tho  schizont- 
infoctod  blood  into  liquid  IT_  prosorvod  almost  70$  more 
rod  colls  them  froozing  to  ~Z5°C  before  plunging  into 
liquid  Ng. 


Cryoprotoctemt 

I Comparison  of  glycorol  at  17$ » and  DM30  at  10$  or 

12$  as  cryoprotoctemt  for  ring  stago  parasitos  has  not 
shown  any  significemt  differonco  botwoen  thorn,  DMSO 
at  15$  gavo  tho  poorest  viability,  Moasuromont  of  tho 
optical  density  of  tho  supornatemt  during  washing  showod 
that  consistently  there  was  moro  lysis  associated  with 
DMSO  them  tho  glycorol  although  tho  amount  of  lysis  in  all 
cases  was  small*  Lysis  in  tho  DMSO  prosorvod  oolls 
appoarod  to  be  a consoquonco  of  the  rod  colls  clumping 
after  tho  first  and  sooond  wash,  Tho  clumped  rod  colls 
roquirod  moro  vigorous  pipotting  in  order  to  resuspend 
them* 

The  rosults  of  one  experiment  are  givon*  Isolate 
29  (paraaitaemia  5*2$  mid-ring  stagos)  was  collected,  tho 
rod  cells  washod  and  rosuspendod  in  Group  D serum.  A 
sample  was  put  into  microculturo  emd  the  parasites  went 
through  schizogony  approximately  yS  hours  later*  After 
40  hours  of  culture  roinvasion  had  taken  place  and  the 
moan  parasitaomia  of  5 microculturos  was  4*3$,  Samples 
wore  snap  frozon  in  DMSO  or  glycerol  as  shown  in  Table  2* 

Five  days  aftor  froozing  a samplo  each  of  29-l->4 
were  thawod,  washod  and  put  into  microculture*  Schizogony 
ocourrod  approximately  3 6 hours  lator*  Paras itaomias 
aftor  71  hours  in  oulturo  (aoo  Tablo  2)  suggostod  a highor 
roinvasion  rato  in  parasitos  cryoprosorvod  in  glycorol 
and  DMSO  at  10$,  JH-isoloucino  incorporation  was  also 
highest  in  thoso  perasito  samples*  It  has  to  bo  noted 
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that  observation  on  thawed  parasites  has  shown  that  some 
ring  stage  parasites  grow  only  slowly  aftor  thawing  and 
fail  to  roach  tho  mature  schizont  stago,  It  is  vory 
likely  that  thoso  paraoitos  do  tako  up  3ii_isoloucino 
and  honco  ^H-isoloucino  uptako  can  only  bo  an  approximate 
moasuro  of  parasite  viability  aftor  froozing  and  thawing 
and  has  to  be  combinod  with  an  assossmont  of  viability  by 
morphological  appoaronoo  (soo  Tablo  3). 


Discussion 

Thoso  preliminary  rosults  show  that  snap  fr oozing 
of  ring  stago  parasitos  of  P,  falciparum  in  17%  glycorol 
or  10%  DMSO  followod  by  sorbitol  washing  to  romovo  tho 
oryoprotoctant  in  about  70%  of  tho  somploe  tostod  onablod 
up  to  *»0-50%  of  tho  rings  te  continue  growth  up  to  tho 


schizont  stagos  and  undorgo  roinvasion. 


Similar 


rosults  woro  obtainod  by  Uilson  ot  al.  (1977)  with 
P»  knowlosi  in  DllSO  at  10%,  Snap  froozing  has  tho 
advantagos  of  technical  simplicity  and  of  causing  little 
lysis  of  rod  colls.  It  is  not  possiblo  to  say  why 
in  a small  numbor  of  isolatos  froozing  and  thawing 
causod  tho  doath  of  90%  or  moro  of  tho  ring  stago 
parasitos.  It  will  bo  nocossary  to  mako  a moro  dotailod 
examination  of  tho  optimal  froozing  conditions,  rato 
of  addition  of  cryoprotoctant,  tomporaturo  at  which 
parasitos  aro  hold  whon  cryoprotoctant  is  added,  and 
tho  intorval  botwoon  addition  of  cryoprotectanfc  and 
plunging  into  liquid  ITg, 

Our  vory  preliminary  attempts  to  cryoprosorvo  oorly 
schizonts  woro  unsuccessful  but  furthor  studios  aro 
noodod  boforo  any  conclusions  can  bo  drawn, 

Uilson  ot  al,  (1977)  roviowod  tho  litoraturo  on 
froozing  and  thawing  intra  orythrocytic  malaria  parasitos 
and  thoy  point  out  that  systomatic  study  of  tho  various 
factors  involvod  in  oryoprosorvation  of  malaria  parasitos 
has  not  boon  carriod  out,  Pavanana  ot  al,  ( 197*0 
washed  ring  stagos  of  P,  falciparum  with  Tyrodos  solution 
and  cryoprosorvod  thorn  diroctly  in  liquid  ITg  with  8%, 

12%  or  15%  DMG0  as  cryoprotoctant,  Tho  parasitos  woro 
somi-thawod  in  a 5o°C  watorbath  and  then  addod  to  5% 
glucoso  in  salino.  I/ashing  was  complotod  in  isotonic 
saline,  Thoso  workers,  from  thoir  publishod  figuros, 
indicate  almost  100%  survival  of  tho  parasitos  aftor 
froozing  in  12%  DMGO  and  thawing  although  thoy  do  note 
finding  dogonorato  parasitos  in  somo  culturos,  Haynos 
ot  al,  (197^)  also  usod  a high  glycorol  concentration  for 
cryoprosorving  P,  falciparum  and  frozo  tho  parasitos  to 
-70°C  in  a mochonical  froozor  boforo  transferring  to 
liquid  Ng , Thoy  ostimatod  that  20-50 % of  ring  stago 

parasitos  survivod  froozing  and  thawing,  a figuro  moro 
similar  to  thoso  roportod  by  oursolvos,  Tho  advantago 
of  plunging  into  liquid  Ng  rathor  than  slowor  froozing 
ratos  is  tho  rolativoly  small  dogroo  of  rod  coll  lysis 
associated  with  it. 
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Furthor  work  is  diroetod  towards  dovolopln g a moro 
rapid  trashing  proooduro  using  sorbitol  or  altornativoly 
using  hyportonio  salt  solution  (Moryman  & Homblowor, 
1977)»  and  to  oxamining  procoduros  which  pormit  survival 
of  larger  intracollular  stages. 
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Ii^vltro  culturo  of  P1__malgjlao 

In  tho  Gambia  cllnloal  cases  of  malaria  aro  prodominant ly 
causod  by  P«  falciparum.  A sprinkling  of  casos  of 
P.  malar iao  aro  soon  and  in  thoso  casos  tho  parasitaomia  is 
raroly  abovo  0,025%.  A caso  of  quartan  malaria  prosontod 
in  which  tho  parasitaomia  was  unusually  high,  approximately 

O. 25$,  and  tho  opportunity  was  takon  to  obsorvo  tho  growth 
of  tho  porasito  in  microculturo.  Tho  pationt,  an  8 yoar 
old  girl,  was  subsoquontly  found  to  bo  infoctod  with 

P.  falciparum  at  a baroly  dotoctablo  lovol. 

Tho  pationt  was  blod,  tho  blood  waohod  and  rosuspondod 
in  oompatiblo  sorum  as  doscribod  oarlior  and  5 or  101*1  of 
rosuspondod  rod  colls  put  into  walls  of  miorotisouo  culturo 
trays  containing  250(*1  of  supplomontod  nodium  199  with  5mM 
Hopos  addod.  Tho  trays  vora  incubatod  at  37°C  in  5#  C02 
in  air,  0,5l*Ci  JH-isoloucino  was  addod  to  two  wolls 
containing  10(*1  of  blood  at  2320h  on  day  0 and  tho  colls 
wore  harvostod  on  day  1 at  1200h.  Tho  growth  of  tho 
parasitos  in  culturo  is  shown  in  Tablo  4 . Tho  growth  of 
tho  parasitos  followod  a similar  courso  in  wolls  containing 
5 or  10|*1  of  washed  rod  colls.  It  can  bo  soon  that 
P,  malariao  parasitos  complotod  growth  to  tho  maturo  schizont 
stago  whon  individual  morozoitos  voro  cloarly  discornible 
(daisy-hoad  or  rosotto),  ovor  a poriod  of  3 days,  Nono  of 
tho  mature  schizonts  soon  had  moro  than  8 morozoitos.  At 
tho  start  of  tho  culturo  a singlo  P,  falciparum  ring  stago 
was  soon  in  8000  rod  colls  and  lator  on  day  0 two  oarly 
trophozoitos  of  P,  falciparum  voro  soon  in  tho  tail  of  tho 
smoar.  At  2200h  on  day  1 young  rings  woro  prosont,  of ton 
moro  than  ono  ring  por  rod  coll,  indicating  roinvasion  had 
occurrod.  It  was  not  possiblo  to  dotormino  for  suro  at 
that  timo  whothor  tho  young  rings  woro  thoso  of  P.  malariao  or 
P,  falciparum.  As  tho  culturo  continuod  it  bocomo  cloar 
that  tho  majority  of  tho  young  rings  woro  P,  falciparum. 

This  brood  of  parasitos  subsoquontly  wont  through  schizogony 
botwoon  days  4 and  5 to  givo  a third  gonoration  of 
P,  falciparum  rings  in  tho  culturo.  On  days  4 and  5»  of  tho 
parasitos  to  bo  soon,  a small  proportion  woro  P.  malariao. 
mainly  trophozoito  stagos.  It  was  impossiblo  to  say 
whothor  thoso  P,  malariao  parasitos  woro  a uocond  gonoration 
dorivod  from  tho  schizont— infoctod  colls  soon  to  bo 
maturing  oarlior  in  tho  culturo  or  if  tlioy  woro  vory  slowly 
growing  P,  malariao  parasitos  introducod  into  culturo  as 
rings.  It  was  cloar  that  any  roinvasion  by  P,  malariao  was 
minimal.  Prom  day  6 tho  culturos  doclinod.  By  day  10 
only  a vory  fow  P,  falciparum  parasitos  of  all  stagos, 
including  gamotocytos,  woro  to  bo  found  in  tho  smoars, 

3 

Tho  incorporation  of  !I-isoloucino  is  givon  in  Tablo  5* 
Tho  amount  of  incorporation  was  vory  similar  to  that  in  a 
parallol  culturo  of  P,  falciparum  sot  up  at  tho  somo  timo. 

In  this  lattor  culturo  tho  infoctod  blood  contained  4,4% 
young  rings. 


Growth  of*  Plasmodium  raalariae  in  microtissue  culture  trays 
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Dlsousslon  , 

This  one  nttompt  to  culturo  P.  malarlao  demonstrated 
that  conditions  which  woro  satisfactory  for  tho  culturo  of 
P.  falciparum  (tho  multiplication  rato  for  P,  falciparum 
after  its  first  schizogony  in  vitro  was  moro  than  ton  timos) 
pormittod  growth  of  P.  malarlao  to  tho  mature  schizont  stago 
but  fow  of  tho  morozoitos  on  roloaso  woro  ablo  to  invado 
rod  colls.  It  is  vory  lilroly  that  tho  incorporation  of 
-%-isoloucino  was  predominantly  by  P.  malarlao  as  a parallel 
P.  falciparum  oulturo  with  a liighor  parasitaomia  ( b,k°/o 
compared  with  0,27596)  gavo  a similar  dogroo  of  incorporation 
and  oach  P.  malarlao  parasito  incorporated  moro  radiolabol 
than  individual  P,  falciparum. 

Tho  author  lias  not  found  any  rocord  of  othor  attompts 
to  grow  P.  malarlao  in  vitro.  Trigg  (196G)  roportod 
attompts  to  grow  P.  inui  in  culturo.  P«  inui.  a simian 
parasito,  lilco  P.  malarlao  has  a 72-hour  asoxual  growth 
cyclo  in  tho  rod  colls.  Trigg  found  growth  of  P.  inui 
to  tho  schizont  stago  but  littlo  roinvasion  took  placo, 

P.  malar iao  is  said  to  invado  maturo  rod  colls 
proforontially.  It  is  unlikoly  thoroforo  that  tho  failuro 
to  invado  is  tho  result  of  unsuitable  rod  colls  boing 
availablo  in  culturo.  Two  attompts  by  tho  author  to 
grow  P.  vivax  In  vitro  in  potri  dishes  following  Tragor 

and  Jonson's  procoduro  (Tragor  & Jansen,  1976)  gavo  growth  * 

of  tho  parasito  to  tho  schizont  stage  but  with  littlo 

invasion.  P.  vivax  has  a proforonco  for  immature  rod  colls 

and  for  this  reason  may  bo  difficult  to  grow  in  culturo 

without  a supply  of  blood  with  a high  roticulocyto  count. 

Somplos  of  tho  P.  malarlao  infoctod  blood  usod  abovo 
woro  cryoprosorvod  and  at  a lator  dato  will  bo  thawod 
and  culturod  by  tho  Tragor  and  Jonson  procoduro  (1976). 
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Differentiation  of  gamotocytos  in  microculturos 
of  human  blood  infected  with  Plasmodiun^fa^cfBarnim 

(with  Dr  R.J.ll.  Wilson) 


As  tho  oarly  stagos  of  gamotocytogonosis  of  Plasmodium 
falciparum  are  soquostorod  in  tho  sploon  and  bone-marrow 
(Thomson  & Robertson,  1935?  Garnham,  19 66)  and  aro  rarely 
soon  in  poriphoral  blood  smoars,  observations  on  ganotocytc 
development  in  cultures  of  infoctod  peripheral  blood  are  of 
especial  interest. 

Row  (1928)  first  described  the  appoaronco  and  oarly 
development  of  the  ganotocytos  of  P.  falciparum  in  blood 
cultures  using  tho  technique  of  Bass  and  Johns  (1912). 

Ginco  then  sovoral  workers  (Tragor,  1971?  Haynes  ot  al. , 

197o|  Mitcholl  ot  al.,  1975;  Phillips  ot  al.,  1975; 

Smalley,  1975;  Tragor  & Jonson,  1975)  havo  briofly  roportod 
tho  appoaranco  of  gametocytos  in  other  forms  of  culturos  of 
P.  falciparum  infoctod  blood.  Observations  on  tho  dovolopmont 
of  gamotocytos  in  microtissuo  culturos  (Phillips  ot  al. , 1975) 
of  poriphoral  blood  from  Gambian  childron  infoctod  with 
P.  falciparum  woro  roportod  by  Phillips  ot  al.  (1976)  and 
Smalloy  (1975)  and  in  a previous  Annual  Roport  (DAJA  37-73 
C3492).  Smalloy  (1976)  notod  that  tho  dovolopmont  of  ring 
stagos  to  morphologically  nature  gamotocytos  took  about  10 
days  in  vitro  as  sooms  also  to  bo  tho  caso  in  vivo  (Garnham, 
1976 ; Hawking  ot  al, , I97I).  In  tho  following  account, 
oxporimonts  aro  doscribod  which  show  that  gamotocytos  of 
P.  falciparum  can  dovolop  both  from  ring  stage  parasitos 
introduced  into  culturo  and  also  from  morozoitos  roloasod 
during  subsequent  sohizogonios  in  vitro.  Preliminary 
observations  on  tho  incorporation  of  311-isoloucino  by 
gamotocytos  of  P.  falciparum  in  vitro  aro  also  doscribod. 

During  tho  rainy  soason  months  of  August,  Soptombor 
and  Octobor,  blood  containing  ring-stago  parasitos  but  not 
dotoctablo  gamotocytos  of  P.  falciparum  woro  collected  by 
vonopunc tur o from  Gambian  childron  into  hoporlnizod  Ringor*s 
solution  (17  i.v./ml  blood). 

Uninfootod  blood  was  oolloctod  from  tho  umbilical  oord 
of  Gambian  nowboms  at  tho  Royal  Victoria  Hospital,  Banjul. 
Thoso  somplos  contained  90-95$  rod  colls  with  haemoglobin  P 
(Hb  F),  as  dotorminod  by  the  acid-elution  technique  of 
Kleihauer  ot  al.  (l957)« 

Blood  was  oulturod  in  96-wGll  flat-bottomod  microtissuo 
culturo  trays  (soo  1 bolow)  or  in  2-litro  flasks  (-00  2 bolow). 
Tho  modium  was  TC-199  supplemented  as  doscribod  by  Phillips 
ot  al,  (1972).  Hopos  at  5mM  was  also  addod  to  the  modium  in 
somo  oxporimonts.  Tho  culturos  woro  gas sod  with  5$  C0„ 
in  air. 

In  culturos  of  4-5#  5,  or  10  days  duration,  gamotocytos 
woro  obsorvod  at  tho  ond  of  tho  culture  in  14  out  of  42, 

2 out  of  3#  and  7 out  of  C culturos  rospoctivoly. 
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1)  Ring  3tago  parasitos  transforrod  dirootly  into  microculturo 

In  initial  oxporimonts,  10F1  of  wholo  hoparinizod  blood  was 
addod  to  250F1  supplomontod  TC-199  in  oach  woll  of  tho  tray. 

Our  rocommondod  practice  now  is  first  to  romovo  tho  plasma, 
wash  tho  rod  colls  twico  with  Ilopes-buff  ored  TC-199*  and 
roauspond  tho  packod  wa3hod  colls  to  the  approximate  blood 
volumo  haomotocrit)  in  Caucasian  AB,  A or  B sorum  as 

appropriate.  Subsequently,  10F1  of  tho  washod  and  rosusponded 
colls  aro  addod  to  oach  woll, 

2)  Subculturo  into  microculturos 

Larger  volumos  of  infoctod  blood  wore  first  cultured  for 
12— 2/;.  hours  in  2-litro  flasks  (Phillips  ot  al.,  1972).  At 
tho  schizont  stago  tho  colls  woro  romovod  and  schizont-infoctod 
rod  colls  woro  concontratod  using  Plasmagol  w/v  golatin  - 

Laboratoiro  Rogor  Bollon,Rau±lly)  (Pasvol  ot  al.,  1973)  as 
follows.  Erythrocytes  and  schizonts,  soparatod  from  tho 
culturo  medium  by  contrifugation  (250g  for  5 min),  woro 
rosuspondod  to  a haomatocrit  of  40 c/o  with  supplomontod  TC-199 
in  a 15ml  contrifugo  tubo.  Tho  rosuspondod  colls  woro  mixod 
with  half  thoir  volumo  of  plasmagol  and  loft  to  stand  for  15 
min  at  37°C.  Aftor  sodimontation  two  distinct  phasos  woro 
visiblo  with  tho  schizont-infoctod  rod  colls  concontratod 
(50—90 °/o)  in  the  uppor  layor.  Tho  concontratod  parasitizod  rod 
colls  woro  washod  with  medium  199  and  rosuspondod  in 
Caucasian  sorum  as  dosoribod  abovo  boforo  addition  to  tho 
microculturos. 

3)  Addition  of  cord  blood  colls 

In  ordor  to  domonstrato  that  gamotocytos  diff orontiato 
from  morozoitos  roloasod  during  schizogony  in  vitro,  washod 
oord  blood  colls  woro  addod  to  infoctod  blood  shortly  boforo 
schizogony  in  vitro.  Parasitos,  including  gamotocytos, 
subsoquontly  found  in  Hb  F-containing  colls  must  dovolop  from 
morozoitos  roloasod  in  vitro  (Diggs  ot  al. , 1971,  Pasvol  ot  al, , 
1976). 
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Incorporation  of  II-isoloucino 

Small  and  mid-ring  forms  of  parasitos  woro  rosuspondod 
in  AB  sorum  and  10|*1  woro  placod  in  microtissuo  culturo  wolls 
containing  200F1  supplomontod  TC-199,  40F1  AB  sorum,  and  10F1 
TC-I99  containing  0.5FCi  ^H-isoloucino  (26  ci/mmol  — 
Radiochomical  Contro,  Amersham).  Smoars  woro  mado  of  tho 
cultured  colls  at  intorvals  until  tormination  of  tho  oulturo, 

Tho  smoars  woro  fixed,  washod  twico  in  methanol,  and 
autoradiographod  by  dipping  in  Ilford  Nucloar  omulsion  (ICS) 
as  doscribod  by  l/ilson  (1974).  Tho  autoradiographs  woro 
dovolopod  after  ono  woolc's  oxposuro  and  woro  stainod  with 
Giomsa's  stain.  Dostaining  of  tho  omulsion  was  assistod  by 
dipping  in  a 1:3  mixturo  of  othanol  and  phosphato  buffer. 


Size  distribution  of  gametocvtes 

Giems a- stained  parasites  were  photographed  on  35  mm  film 
(Recordak  Hiicrofilo*)  at  a magnification  of  approximately  X530« 
Infected  cells  were  photographed  at  random  in  successive 
microscopical  fields  except  that  only  cells  containing  a single 
parasite  were  selected.  Negative  images  were  enlarged  ten 
times  and  parasite  outlines  traced  onto  graph  paper.  Relative 
growth  measurements  were  made  by  cutting  out  and  weighing  the 
images  (Wilson  et  al,,  1977)* 
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Results 


Development  of  gametocvtes  from  ring-stage  parasites  introduced 
into  microculture 


The  time  course  of  the  development  of  gametocytes  from  mid- 
ring  forms  of  parasites  in  a microculture  is  summarised  in 
Table  6,  Immature  gametocytes  could  be  distinguished  from 
late  trophozoites  after  k2  hours  of  culture,  when  schizogony  and 
reinvasion  was  complete  and  immature  gametocytes  were  easily 
recognisable  as  oral-shaped  parasites  with  pigment 
characteristically  splinter-like.  The  chromatin  was  apparently 
dispersed  along  the  longitudinal  axis.  The  subsequent 
development  of  the  gametocytes  was  one  of  elongation, 
maintaining  an  oral  shape  although  in  some  cases  one  side  of 
the  gametocyte  was  straight  rather  than  bowed.  By  113  hours 
both  elongate  gametocytes  and  shorter,  less  mature  ones  were 
present.  After  220  hours  morphologically  mature  gametocytes 
were  seen. 

Development  of  gametocytes  from  merozoites  released  in_vitro 

In  a number  of  cultures  of  8 or  more  days  duration  in 
which  gametocytes  differentiated,  it  was  found  that  they  were 
either  first  detected  at  the  end  of  the  culture  when  the 
parasites  had  completed  two  asexual  cycles,  or  that  the  number 
of  gametocytes  increasod  between  days  4 and  8 of  the  culture. 
Both  these  observations  suggested  that  gametocytes  could 
develop  from  merozoites  released  in  vitro.  An  experiment 
that  shows  this  is  summarisod  in  Table  7»  Gametocytes  were 
not  detected  until  125  hours  when  the  parasites  had  undergone 
two  asexual  cycles  in  vitrot  the  gametocytes  were  immature 
and  so  scanty  that  they  could  only  be  dotected  in  the  tail  of 
the  smears.  As  gametocytes  that  develop  in  culture  from 
ring  stages  can  be  distinguished  within  50-50  hours,  it  is 
likely  that  immature  gametocytes  first  seen  at  125  hours  had 
developed  from  merozoites  released  at  the  first  schizogony 
and  reinvasion  in  vitro.  The  increased  numbers  of  immature 
gametocytes  seen  at  191  hours  could  be  attributed  to 
differentiation  of  gametocytes  from  merozoites  released  after 
about  100  hours  of  culture. 
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TABLE  6 

Development  of  gametocytes  directly  from  rings 
introduced  into  microculture 


Time 

(hr) 

R 

Stage 

T 

of  Parasito 

S G 

No.  of 
red 
cells 

Parasites 

/100 

r.b.c. 1 s 

0 

28 

485 

5.7 

30 

6 

36 

755 

5.5 

42 

Schizogony 

and  reinvasion 

54<2> 

54 

313 

17.25 

66^ 

43 

+ 

450 

9.5 

90(^) 

18 

25 

2 

425 

10.6 

113(5) 

16 

13 

7 4 

488 

8.2 

+ = gametocytes  present) 
n m rings) 

T = trophozoites) 

S s schizonts) 

G = gametocytes. 

(1)  Each  parasite  count  is  representative  of*  2 or  3 
microcultures. 

(2)  Two  early  gametocytes  detected  in  40  fields  (approximately 
2*, 000  rod  cells). 

(3)  Occasional  schizont  and  trophozoite  present.  Gametocytes 
easily  dotootod  - 6 gamotocytos  in  5.100  rod  cells. 

(4)  Gametocytes  present  - 7 in  6,400  rod  cells. 


(5)  Gametocytes  present  - some  clearly  more  mature  than 
others  - 30  in  9.400  rod  colls. 


(1) 

(2) 


No  gametocytes  in  50  fields  in  middle  of  smears t 
occasional  immature  gametocyte  in  tail  of  smear. 


Eleven  gamotocytes  in  50  fields;  mainly  early 
garnet ocyt os  with  a few  moro  mature  forms. 
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HbA  and  HbF  cells  were  derived  f: 
i <0.01‘  by  the  Wilcoxon  Rank  test 
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Development  of  gamotooytes  In  HbF-containing  colls 

In  the  experiment  summarised  in  Table  8,  schizont- 
infoctod  blood  proparod  by  plasmagel  concentration  was  mixed 
with  cord  blood  to  givo  a 1*20  ratio  of  IlbAtHbF  containing 
rod  cells.  Schizogony  and  roinvasion  commenced  within  a few 
hours  of  tho  culturo  boing  sot  up.  By  77  hours  a second 
sohizogony  had  occurred  and  early  gametocytos  wore  pros on t , 
both  in  rod  colls  containing  HbA  and  in  thoso  containing  HbF, 
After  170  hours  in  culture , 200|il  of  modium  was  replacod 
when  the  supernatant  fluid  in  tho  cultures  wore  clearly  acid. 

At  170  hours  and  210  hours  gomotocytos  at  different  stages  in 
development  could  be  distinguished;  frequently  two  gamoto- 
cytes,  and  very  occasionally  throe,  wore  present  in  a single 
red  coll.  At  this  time,  all  the  asexual  forms  in  this 
particular  experiment  had  diod.  The  gamotoeytes  in  tho  HbA 
red  colls  were  frequently  blggor  and  further  developed  than 
thoso  of  IlbF  oells  (see  Fig.  l).  This  provides  further 
evidence  that  fetal  rod  colls  provide  a loss  favourable 
onvironmont  for  the  growth  of  the  parasito  (Diggs  ot  al. , 1971; 
Pasvol  ot  al.,  1976;  Wilson  ot  al. , 1977).  The  possibility 
that  tho  largor  gametocytos  in  the  HbA  colls  wore  dorived 
from  the  original  inoculum  and  not  from  tho  parasites  that 
invaded  HbF-containing  cells  can  be  excluded  for  the  following 
two  reasons.  First,  tho  oulture  (see  Table  8)  was  inoculated 
with  a plasma  gel  layer  and  no  immaturo  gametocytos  wore 
evident  amongst  tho  concentrated  schizonts.  Secondly,  ovon 
if  gamotoeytes  had  boon  present  in  the  plasma  gel  layor  they 
would  have  boon  morphologically  distinguishable  by  the  timo 
of  tho  first  schizogony  in  vitro  and  no  such  forms  wore  soon. 
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Incorporation  of  H-isoloucino  by  differentiating  gametocytos 

Gamotoeytes  differentiated  from  mid-rlag  -stage  parasites 
in  a culture  containing  3H-isoloucino.  At  intervals  up  to 
81  hours  smears  wore  mado  and  autoradiographod.  Grain  counts 
at  seloctod  timos  (Table  9)  indicatod  that  tho  isotope  was 
incorporated  into  both  asexual  and  soxual  stages.  During 
tho  first  60  hours  of  oulturo,  less  isoloucino  was  incorporated 
por  coll  by  gametocytos  than  by  asoxual  forms. 

After  81  hours  of  culturo  many  asoxual  forms  appoarod  to 
bo  dead  but  grain  oounts  for  intact  schizonts  at  this  timo 
differed  littlo  from  maximum  valuos  roachod  by  schizonts  at 
oarlier  timos.  By  contrast,  gamotocytos  and  a slowly 
growing  now  brood  of  rings  had  continued  to  incorporate 
^H-sioloucino.  Tho  preparations  did  not  permit  morphological 
distinction  betwoon  micro—  and  macrogamotocytos. 


Discussion 


Tho  early  stages  in  tho  dlfferontiation  of  gamotocytos 
of  Pm  falciparum  from  merozoitos  do  not  usually  occur  in  tho 
poriphoral  blood  but  in  tho  sploon  and  bone  marrow  and 
morphologically  maturo  or  noarly  maturo  gamotocytos  are  only 
released  into^tho  poriphoral  circulation  aftor  9 or  10  days 
(Gamham,  i960),  Aftor  9 days  in  culturo,  gamotocytos  were 
present  that  had  assumod  tho  appearance  of  maturo  gamotocytos 
(although  thoir  infectivity  to  mosquitoos  and  tho  ability  of 
tho  microgamotocytos  to  oxflagollato  woro  not  tostod). 
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TABLE  8 

Microoulturo  of  P^^al^jmrani  in  tho 
prosonco  of  rod  colls  containing  HbF 


Time 

(hr) 

R T 

s 

G 

No.  of 
rod 
colls 

Parasites 

/100 

r.b.c. * s 

0 

18 

531 

3.4 

Sohizogony  and 

roinvasion 

17 

128 

1064 

12.0 

56 

54 

532 

10.2 

Schizogony  and 

roinvasion 

77 

39  15 

6 

'1 

87C 

6.9 

89 

8 11 

3 

9 

852 

3.6 

170 

(Asoxual  stages  doad) 

16 

2000 

0,8 

215 

If  If 

ft 

17 

2000 

0.9 

29  6 

II  If 

It 

8 

1000 

0.8 

Parasito  stages  abbreviated  as  in 
Tablo  6. 
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Although  gamotocytos  may  grow  moro  slowly >•  In  vitro,  our 
rosults  suggest  that  tho  estimate  of  about  9-12  days  (Garnham, 
1966}  Gmalloy,  1976)  for  tho  maturation  of  ?,  falciparum 
gamotocytos  is  roasonablo,  A shorter  maturation  poriod 
has  boon  suggooted  by  Mitchell  ot  al.  (1976),  It  is  clear 
from  Smalley* s (1976)  and  our  observations  that  tho  first 
24-30  hours  of  gamotocyto  growth  occurs  in  tho  peripheral 
blood  and  that  at  tho  end  of  this  poriod  sexual  forms  in 
common  with  lato  rings  withdraw  to  tho  doeper  tissuos, 

Tho  morphology  of  tho  dovoloping  gamotocytos  in  Giomsa*s 
stained  smoars  is  broadly  similar  to  that  described  by 
earlier  workors  (Thomson  « Robortson,  1935) » although  wo 
havo  not  noted  any  so— callod  Garnham  bodios,  i,o,  thick 
filaments  occasionally  prosont  as  inclusions  in  tho  red  coll, 
togothor  with  dovoloping  gamotocytos  (Garnham,  i960), 

Dospito  their  stunted  growth  in  fotal  rod  colls,  gamotocyto 
characteristics,  such  as  olongation  and  splintor-liko 
pigment  formation  woro  apparent, 

Nono  of  tho  parasito  donors  for  tho  oxporlmonts 
doscribod  above  carried  dotectablo  gamotocytos  in  their 
poriphoral  blood  whon  thoy  woro  bled  (whoro  gamotocytos 
woro  prosont  in  poriphoral  blood  at  blooding  further 
gamotocytos  diff orontiatod  in  culture).  In  somo  of  our 
culturos,  gamotocytos  difforontiatod  directly  from  rings 
put  into  culturo  and  a furthor  gonoration  of  gamotocytos 
subsoquontly  dovolopod  from  morozoitos  roloasod  during  tho 
complotion  of  an  asoxual  cyclo  in  vitro.  In  othor  culturos, 
gamotocytos  woro  dotoctod  aftor  7 or  8 days  incubation  but 
not  oarlior,  Thorofore  in  tho  former  group  of  culturos  it 
is  likoly  that  tho  initiation  of  gamotocytogonosis  occurred 
in  vivo  and  onco  started  tho  procoss  oontinuod  in  vitro. 

In  tho  lattor  culturos,  although  tho  stimuli  for  gamotocytos 
dovolopmont  again  may  havo  boon  rocoivod  in  vivo,  it  is  also 
possible  that  it  oocurrod  in  vitro,  Uo  havo  no  information 
as  to  the  naturo  of  tho  initiatory  procoss  othor  than  to 
commont  that  tho  conditions  in  somo  of  tho  long  torm 
culturos  bocamo  advorso  to  parasitos  in  the  asoxual  cycloj 
tho  culturo  modium  bocamo  vory  acid  and  the  asoxual  stagos 
of  tho  parasito  woro  either  doad  or  their  numbers  had  fallen 
substantially.  Recently,  Cartor  & Boach  (1977)  reported 
that  gamotocytos  which  dovolopod  long  torm  culturos  of 
P,  falciparum  could  bo  inducod  to  oxf lagollato,  Tho  numbers 
of  tho  mature  gamotocytos  woro  particularly  high  in  culturos 
in  which  tho  sorum  contont  of  tho  oulturo  modium  had  boon 
changod  from  10^6  to  50$,  Thoy  suggost  that  high  sorum 
contont  and  prolonged  maintonanco  of  culturos  for  at  loast 
two  wooks  may  bo  important  in  tho  production  of  maturo 
gamotocytos, 

~ It  is  not  cloar  from  our  preliminary  oxporimont  with 
"Tl-isoloucino  whothor  gamotocytes  roquiro  loss  isoloucino  than 
asoxual  forma  of  if  tho  lattor  simply  grow  moro  quickly, 
MicroculturoB , howovor,  provido  a moans  to  compare  such 
aapocts  of  tho  motabolism  of  both  forms  as  well  as  to 
lnvostigato  othor  aspocts  of  tho  biology  of  gamotocytos, 
o,g,  an  analysis  of  tho  procossoa  whioh  initiate  gamotocyto- 
gonosis or  of  tho  changos  in  tho  maturing  gamotocytos  which 
result  in  thoir  roloaso  into  tho  poriphoral  circulation. 
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Further,  if  mature  gamotocytos  could  bo  grown  in  vitro,  thoy 
could  bo  usod  for  infecting  mosquitoos  for  sporosoito 
production. 

It  was  reported  by  Haynes  ot  al,  (1976)  and  olsowhore 
in  this  roport  that  tho  gamotocytos  df  P.  falciparum  can 
differentiate  in  culturo  from  cryoproeorved  blood, 
Cryoprosorvod  blood,  thoroforo,  could  bo  usod  to  carry  out 
some  of  tho  investigations  outlined  above. 


Experiments  vlth  Pla£mod±unLjlaj:cl2aJum 
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In  the  two  previous  Annual  Reports  short-term  culture  of 
P«  falciparum  from  Gambian  ohildren  was  described.  Mloro tissue 

culture , trays  were  used  for  examining  the  effect  of  sera  from 
immune  adult  Gambians  on  the  growth  and  multiplication  of  the 
parasite* in  vitro.  A high  proportion  of  the  sera  had  relatively 
little  inhibitory  activity  on  P.  falciparum  parasites  from 
various  infected  Infants  and  children.  It  was  suggested  that 
one  possible  reason  for  the  lack  of  inhibitory  antibody  activity 
in  so  many  sera  was  that  within  the  looality  in  the  Gambia  where 
parasites  and  sera  were  oolleoted  populations  of  P.  falciparum 
existed  which  represented  a range  of  antlgenio  types  and  that 
the  detectable  antibody  response  of  an  individual  to  speoifio 
populations  of  P.  falciparum  may  be  short  lasting.  In  order 
to  relate  on  antibody  reponse  to  a particular  population  of 
parasites | P.  falciparum  Infected  blood  was  cryopreserved  while 
the  patient *s  porasltaemia  declined  following  minimal  chloroquine 
administration  and  the  antibody  response  to  the  parasites 
developed.  Two  or  three  weeks  after  chemotherapy  a further 
serum  sample  was  oollectod  from  the  patient.  This  latter  serum 
sample  and  one  collected  at  the  time  the  infeotod  blood  was 
drawn  were  then  oompored  for  their  inhibitory  activity  against 
the  cryopreserved  blood  after  it  had  boon  thawed  out  and  put 
into  mioroculturos.  Preliminary  results  of  this  experimental 
approach  were  described  in  the  previous  Annual  Report  and  in 
Nature  (1976,  Nature  263,  132).  In  the  present  investigation 
it  was  planned  to  extend  these  observations.  First,  the 
procedure  for  cry opr ©serving  P.  falciparum  infected  blood  was 
improved  as  described  below.  Seandly,  about  100  samples 
(isolates)  of  infected  blood  were  cryopreserved  and  serum 
samples  obtained  at  the  time  the  infested  blood  was  collected. 

The  patients  were  usually  given  chloroquine  (5  mg  base  per  kg) 
and  asked  to  return  2 or  3 weeks  later  to  provide  a further 
serum  sample.  Approximately  U7$  of  the  patients  returned  and 
of  these  26#  refused  to  give  a second  blood  sample.  The 
procedure  for  collecting,  washing  and  resuspending  the  blood 
colls  in  Caucasian  serum  is  described  below.  For  each  isolate 
collected  samples  wore  oryopreserved  and  a sample  was  put  into 
microculture  and  the  growth  of  the  parasite  followed  by  its 
morphological  appearance  in  Giomsa* a stained  blood  smears  and 
by  the  level  of  incorporation  3H-isoloucine  over  a 12-hour 
period  before  and  after  reinvasion  (Wilson  and  Phillips,  1976 f 
Annual  Report  DAJA  37-75  C1620). 

Of  the  100  isolates  of  P.  falciparum  infeoted  blood 
collected,  which  included  two  isolates  from  eaoh  of  two 
individuals  on  different  occasions,  87%  grew  from  ring  to 
schizont  stage  and  undorwont  rolnvaslon  and  made  significant 
incorporation  of  3H-isoleuolno  before  and  after  reinvasion. 

Of  the  remaining  Isolates,  80$  made  little  growth  and  the  rest 
grew  up  to  the  schizont  stage  but  failed  to  reinvade. 

Shortly  before  this  period  of  investigation  was  started, 
Trager  and  Jonsen  (1976)  described  their  procedure  for  the 
contunous  culture  of  P.  falciparum  using  the  candlo  jar  technique. 
Dr  Wilson  and  I docidod,  therefore,  that  it  would  bo  useful 
to  gain  experience  with  Trager  and  Jenson's  culture  procedure 
and  in  due  courso  assess  tho  ability  of  many  of  our  samples 
to  adapt  to  continuous  culture  as  well  as  tost  tho  inhibitory 
activity  of  sora  from  children  boforo  and  after  recovery  from 
their  malaria  infection.  After  a number  of  attompts  over  a 
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period  of  months.  Dr  Wilson  has  now  succeeded  in  culturing  two 
Gambian  isolates  continuously  for  more  than  two  months*  It 
is  hoped  that  now  the  technique  for  continuous  culture  has  been 
ostablished  further  Gambian  samples  can  now  bo  tested. 

Relatively  few  of  tho  isolates  have  so  far  been  tested. 

The  procedure  was  similar  to  that  described  in  tho  previous 
Annual  Report.  The  cryoprosorvod  infected  blood  was  thawed, 
washed,  and  tho  blood  oolls  rosuspendod  in  compatible  Caucasian 
sorum.  Ton  microlitros  of  tho  rosuspendod  wore  put  into 
microtissuo  culturo  trays  in  supplemented  medium  199*  Serum, 
either  50  1*1  or  100  pi,  was  added  to  the  wells  in  tho  tray  at 
the  start  of  tho  culturo  or  when  tho  parasites  had  grown  tc 
trophozoito  or  oarly  schizont  stage.  The  total  volume  of 
oach  microtissue  was  260  pi.  Porasitos  wore  grown  in  sera 
from  the  donor  of  the  parasites  (homologous  sera)  or  sera 
from  other  donors  (heterologous  sera).  The  sera  from  patients 
2 or  3 weeks  after  treatment  are  referred  to  as  return  sera. 

Tho  effect  of  the  various  sera  on  the  parasites  was  determined 
by  measuring  the  multiplication  rate  from  Giomsa,s  stained 
blood  smears  aft or  schizogony  and  reinvasion  and  by  measuring 
the  ^H-isoloucine  uptake  in  the  cultures  over  a 12-18  hour 
poriod  after  reinvasion  has  occurred, 

Tho  rosults  to  dato  are  summarised  in  Table  10  and  they 
show  a similar  picture  to  the  previously  reported  preliminary 
results.  Many  of  tho  return  sera  showed  some  inhibitory 
activity  both  against  homologous  and  heterologous  parasite 
populations.  There  wore  again  some  unexpected  results. 

With  parasite  populations  80  and  87  (both  thawed  and  cultured 
on  the  samo  day)  four  of  the  return  sera  tested  gave  enhanced 
3H-isoleucine  uptake  after  reinvasion. 

Testing  of  furthor  return  sora  is  in  progross. 


TABLE  10 
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Introduction 

Tho  work  described  in  this  report  is  a continuation  of 
tho  study  described  in  tho  Annual  Roport  for  Contract  DAJA 
37-73-C3492  and  Contract  DAJA  37-75-01620.  Four  linos  of 
investigation  have  been  pursued; 

a,  investigation  of  the  lymphoid  colls 
involved  in  immunity  to  murino  malaria | 

b,  tho  offsets  of  irradiation  on  the  course 
of  Plasmodium  chabaudi  infections; 

c,  antibody-mediated  cellular  cytotoxicity  in 
malarious  micoj 

d,  further  experiments  on  immunization. 

Tho  results  from  each  aroa  of  investigation  will  bo  described, 
and  the  conclusions  arising  from  each  will  bo  drawn  together 
in  a concluding  section. 

Matorial  and  methods  - general  considerations 

Parasite  Plasmodium  chabaudi  (A/S  strain)  was  clonod  and 
supplied  by  Dr  D.  Vallikor,  University  of  Edinburgh.  In 
C57B1  and  NIH  mice  of  6 weeks  and  oldor  this  parasite  produces 
a primary  parasitaomia  lasting  10— 1^  days  with  a poak  parasitaomia 
in  tho  range  of  25  to  75$«  Following  tho  primary  parasitaomia 
thero  aro  occasional  patent  relapses  and  8-10  weeks  after 
infection  most  of  the  mice  achieve  a sterile  cure.  In  our 
laboratory  the  asexual  blood  stage  of  the  parasite  grow 
synchronously,  schizogony  occurring  around  midnight.  Late 
trophozoite  and  schizont  stages  tend  to  loave  tho  peripheral 
circulation. 

Parasitized  blood  i3  stored  at  -70°C  or  at  *»198°C  usings 
glycorol  at  a final  concentration  of  17*5°/°  as  a cryoprotoctive 
agent.  Cryopresorved  blood  was  thawed  in  a 37°C  water  bath 
and  injected  into  mice.  Subpassages  wore  subsequently  made 
ovory  3 or  k days  until  the  parasitaomia  was  patent. 

Heparin  at  a final  concentration  of  10-17  i.u./ml  blood 
was  used  as  tho  anticoagulant  and  dilutions  of  infected  blood 
wore  mado  in  Hanks*  balanced  salt  solution  or  tissue  culture 
modium  as  indicated. 

Parasitaemias  were  assessed  by  examination  of  tail  blood 
smears  stained  with  Giemsa*s  stain  and  rocordod  as  parasitized 
red  colls  per  10**  or  10^  rod  cells.  Mico  wore  injoctod  with 
parasitizod  red  cells  intraporitonoally  (i.p.)  or  intravenously 
(i.v. ) as  indicated  in  the  text.  All  infections  were 
iniiiatod  with  infected  red  cells. 
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Mice 


Three  inbred  strains  of  mice  were  used  at  different  times* 
C57B1  mice  were  supplied  by  Centre  for  Tropical  Medicine, 

Easter  Bush,  East  Lothian,  and  NIH  mice  by  Anglia  Laboratories, 
A„G  mice  are  bred  in  the  Department  of  Zoology,  University  of 
Glasgow, 

All  mice  wore  fed  on  Oxoid  diet  41B  and  food  and  water 
were  given  ad  libitum.  They  were  maintained  at  around  22  C 
with  12  hours  light  from  0800  to  2000  hours. 

Antibody  dependent  cellular  cytotoxicity  during 
malaria  infections 

A mechanism  which  may  be  involved  in  the  death  of  malaria 
parasites  is  antibody-dependent  cellular  cytotoxicity  (ADCC), 
a non-specific  cytotoxic  reaction  of  lymphoid  cells  on  target 
cells  in  the  presence  of  antibody  directed  against  the  target 
cell  (MacLonnan  & Harding,  1970?  Perlmann  & Perlmann,  197°; 
Perlmann,  1975).  The  effector  cells  are  apparently  non- 
phagocytic,  non-adherent  lymphocytic  cel^s  (Perlmann  & 

Perlmann,  1970;  Calder  et  al.,  1974?  Sanderson  & Taylor, 

1976)  and  are  referred  to  as  K cells.  There  is  evidence 
that  K cells  are  neither  B cells  (Wisloff  & Freland,  1973? 

Calder  et  al.,  1974)  not  T cells  (Van  Boxel  et  al.,  1972) 
and  may  belong  to  the  population  of  null  cells  (Greenberg 
et  al.,  1973)  which  exists  in  the  lymph  nodes  and  spleen  of 
normal  animals  (Stobo,  tfalal  & Paul,  1972).  IgG  antibody 

is  required  for  ADCC  (Calder  et  al.,  1974).  Immune  complexes 

containing  IgG  may  inhibit  the  reaction  (Jewell  & MacLennan, 
1973). 

The  activity  of  K cells  may  be  important  in  the  control 
of  tumour  development  in  mice  (Ghaffer,  Calder  & Irvine,  1976) 
and  also  in  auto-immune  disease  (calder  et  al.,  1973)* 

We  have  carried  out  a preliminary  study  to  look  for 
evidence  of  altered  K cell  numbers  In  the  spleens  of  mice 
during  a P«  chabaudi  infection.  Chicken  red  blood  cells 
(CRBCS)  as  the  target  cells  have  been  used  successfully  in 
assaying  K cell  activity  of  mouse  spleen  cells  (Ghaffer, 

Calder  & Irvine,  1976)  and  were  used  in  our  study. 

Assay  procedure  for  K cell  activity 

Suspensions  of  mouse  spleen  cells  in  Medium  199  containing 
5#  foetal  calf  serum  (5%  FCS-199)  were  prepared  as  described 
previously  (Annual  Report  DAJA  37-75-C1620) , and  incubated 
in  9 cm  sterile  plastic  petri  dishes  (Storilin)  for  2 hours 
at  37 °C  in  air.  At  the  end  of  this  period  the  non-adherent 
cells  were  removed  from  the  petri  dishes,  washed  and 
resuspended  in  5#  FCS-199* 

Blood  was  drawn  into  a heparinized  syringe  (10  i.v. 
heparin/ml  blood)  from  6-12  weeks  old  Leghorn  chickens  and 
the  blood  cells  washed  three  times  in  phosphate  buffered 
saline  (PBS),  pH  7*2  A suspension  of  2 x 10°  CRBCS/ml  in 
PBS  was  preparod  and  0.1  ml  of  this  suspension  was  added  to 
0.1  ml  of  100  HCi  51gr  labelled  sodium  chromate  (Radiochemicals, 
Amershom,  spocific  activity  in  the  range  100-350  HCi/mg 
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dilution  of  antiserum 

Figure  2.  Antibody-dependent  cytotoxicity  of  pooled  spleen  cells 

from  two  C57B1  mice.  Cultures  containing  2 x 10^  splenic 

lymphoid  cells  were  incubated  at  37°C  with  5 x 10^  CRBCS 
51 

labelled  with  ■ Cr,  in  the  presence  of  rabbit  anti-CRBC 

serum  at  concentrations  of  10-^,  10-\  10-^  and  10""^,  or 

normal  rabbit  serum  at  10  ^ . The  c/o  cytotoxicity  of  the 

51 

spleen  cells  was  calculated  as  % Cr  release  in  the 

51 

presence  of  antiserum  minus  % Cr  release  in  the 

* * Pi  • 

presence  of  normal  serum  (o  o).  The  j>  Cr  release 

in  the  presence  of  normal  serum  ( • ) was  the  same  as 

din  controls  containing  CRBCS  and  antiserum  or  normal  serum 

but  no  spleen  cells. 


chromium) • Af tor  incubation  for  1 hour  at  room  temperature 

the  labolled  CRBCS  wore  washed  three  times  in  PBS  and  resuspended 
to  5 x 1C>5  CRBCS/ml  in  5$  FCS-199. 

Cultures  were  carried  out  in  15  ml  glass  screw  top  tubes 
(Flow  Laboratories),  Each  culture  was  of  a total  volume  of 
0,4  ml  which  was  made  up  of  5 x 104  CRBCS  in  0.1  ml,  0.1  ml 
5%  FCS-199,  0.1  ml  (varying  numbers)  spleen  cells  and  0.1  ml 
of  either  diluted  (see  below)  rabbit  anti-CRBCS  serum  or  g 

diluted  normal  rabbit  serum.  Control  tubes  contained  1 a 10 
unlabelled  CRBCS  in  0.2  ml  5$  FCS-199,  5 x 104  labelled  CRBCS 
in  0.1  ml,  and  0.1  ml  diluted  antiserum  or  normal  rabbit  serum. 
Unlabolled  CRBCS  were  added  to  the  control  tubes  (which  had 
no  spleen  cells)  in  order  to  provent  tho  spontaneous  lysis  of 
the  labelled  CRBCS,  Tho  cultures  were  incubated  at  37°C  in 
5$  COp  in  air  for  16  hours.  Aftor  incubation  the  cells  were 
centrifuged  (250g  for  5 minutes)  and  200  Hi  of  the  supernatant 
removed.  Both  supernatant  and  pellets  wore  counted  on  a 
gamma  counter  (i.C.N.  Autogamma  500)  and  cytotoxicity  was 
calculated  as  follows: 

2 x supernatant  count  x 100 

* cytotoxicity  = (poliot  'TTupernatant)  count 

Each  combination  of  cells  and  serum  was  performed  at  least 
in  triplicate. 

Preparation  of  rabbit  anti-chick  red  blood  cell  serum 


Six  months  old  New  Zealand  white  rabbits  were  injected 
intravenously  with  2.0  ml  of  a 10$  suspension  of  washed  CRBCS 
in  PBS  on  alternate  days  over  18  days  and  were  exsanguinated 
on  day  21.  The  control  rabbit  serum  came  from  the  satso 
rabbits  before  immunization  started.  All  tho  rabbit  sera 
wore  heat-inactivated  at  56°C  for  30  minutes. 

Results 

Before  assessing  the  K cell  activity  in  malarious  mico 
tho  optimal  working  dilution  of  the  anti-CRBC  serum  was 
determined.  Spleen  cells  were  pooled  from  two  non-infocted 
C57B1  mice.  Cultures  were  set  up  containing  2 x 10°  splenic 
lymphoid  cells,  5 x 104  labelled  CRBCS  (spleen  coll  to 
CRBCS  40: l)  and  rabbit  anti-CRBC  serum  or  normal  rabbit  serum 
diluted  with  5$  FCS-199  to  a concentration  of  oithor  10“^, 
10“4,  10“3  or  io“°.  The  percentage  cytotoxicity  with  anti- 
serum at  these  concentrations  is  given  in  Figure  2.  It  can 
be  seen  that  the  highest  ^lgr  release  occurred  in  antiserum 
diluted  to  10”5  but  at  10“°  the  cytotoxicity  declined 
considerably.  Tho  cytotoxicity  associated  with  antiserum 
diluted  to  10*4  and  10“3  was  similar,  and  although  bolow  that 
given  with  10“-5  antiserum,  in  all  subsequont  experiments  an 
antiserum  dilution  of  10“4  was  used.  Spleen  cells  with 
normal  rabbit  serum  at  a dilution  of  10“4  gave  tho  lowest 
cytotoxicity. 


In  all  the  experiments  described  bolow  tho 
in  the  controls  was  similar. 


Cr  release 


-urll!  


36. 

Three  Initial  experiments  are  described  in  which  the  K 
cell  activity  of  P,  chabaudi  infected  mice  was  determined. 

The  details  of  the  experiments  and  the  results  are  given  in 
Table  11,  In  all  three  experiments  in  whioh  non-adherent 
spleen  cells  were  prepared  from  mioe  either  just  beforo  or 
just  after  peak  parasitaemia  or  when  the  primary  paraeitaemia 
had  become  subpatent t the  percentage  cytotoxicity  was  higher 
for  almost  all  the  spleen  cells:  CRBS  ratios  tested  in  the 
cultures  of  spleen  cells  from  infected  mice  than  in  the 
controls.  Prom  these  it  appeared  that  there  was  an  increase 
in  the  non-specific  ADCC  of  spleen  cells  of  infected  mice. 

Further  experiments  were  subsequently  carried  out  and 
these  are  summarised  in  Table  12,  In  the  first  experiment 
the  cytotoxicity  of  the  spleen  cells  from  two  mice  on  t he 
third  day  of  the  infection  was  similar  to  that  of  the  controls. 
For  the  second  experiment  mice  with  parasitaemias  of  40$ 
on  day  6 of  the  infection  were  selected.  One  of  the  four 
samples  containing  spleen  colls  from  the  infected  mice  plus 
antiserum  had  a much  lower  cytotoxicity  value  than  the  other 
three  cultures  in  this  group  and  as  a result  the  observations 
were  only  significant  at  p as  0,1,  If  the  unrepresentative 
culture  is  omitted  the  cytotoxicity  of  tno  infected  cells  is 
significant  at  the  0,05  level.  In  the  third  and  fourth 
experiments,  the  Infected  mice  being  killed  on  day  5 and  11 
of  the  infection  respectively,  there  was  no  significant 
difference  in  sytotoxicity  between  infected  and  control  spleen 
cells.  In  both  these  experiments,  however,  there  was  an 
unusually  high  51cr  release  in  control  cultures  containing 
normal  rabbit  serum  which  suggests  that  the  results  of  these 
two  experiments  should  be  discounted.  In  the  fourth 
experiments  some  cultures  were  set  up  in  which  the  mouse  red 
cells  in  the  spleen  cell  preparation  were  lysed  with  0,83$  NHJjCl 
before  the  cultures  were  set  up.  No  differences  were  noted 
between  the  cytotoxicity  observed  in  the  cultures  with  or 
without  accompanying  mouse  rod  cells.  In  the  fifth 
experiment  in  which  the  spleen  cells  came  from  two  mice  with  a 
declining  parasitaemia  on  day  13  after  infection  there  was 
a significantly  higher  cytotoxicity  level  with  the  infected 
spleen  cells. 

Some  very  preliminary  experiments  were  carried  out  with 
lymphoid  cells  isolated  from  the  peripheral  blood  of  children 
infected  with  P«  falciparum.  Monocytes  were  isolated  by 
centrifugation  of  blood  on  Ficoll/Triosil  gradients 
(standard  published  procedure  used).  The  optimal 
lymphoid  cell:  CRBCS  ratio  was  found  to  be  2:1  for  a rabbit 
antiserum  dilution  of  10“  * The  results  of  11  experiments 
are  presented  in  Table  13  where  it  con  be  seen  that  there  was 
no  significant  different  between  the  cytotoxicity  values 
obtained  for  Infected  children  and  Caucasian  controls.  The 
net  percentage  cytotoxicity  ($  51<jr  release  in  the  presence 
of  antiserum  - $ ^^-Cr  release  in  the  presence  of  normal  serum) 
givos  values  (50-70$)  for  most  of  the  subjocts  examined  which 
aro  within  the  range  of  most  of  58  control  subjects  examined 
by  Calder  et  al,  (1974)  in  their  study,  A problem  encountered 
with  this  study  on  infected  children  was  a tendency  for  the 
CRBCS  to  lyse  spontaneously.  This  could  have  been  the 
result  of  using  red  colls  from  Shaver  rather  than  Leghorn 
chiokens  or  more  likely  because  it  was  not  always  possible 
to  use  freshly  drawn  chick  blood  as  was  the  case  in  the 
experiments  with  mice. 


Antibody-dopondont  cell— mediated  cytotoxicity  in  spleens  of  P.^habguffi  infected  C57B1  mlnn 
Spleen  colls  from  two  mice  were  pooled  and  the  ratio  of  spleen  cells :CRBC  was  varied. 
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TABLE  13 

jxicity  of  peripheral  lymphoid  cells  from  j^falclparum 
bold  cell:CRBC  ratio  of  2:1  was  used. 


K1 

V Cr  release  in 
presence  of 
nor. serum  (l0“^) 


Blood  leucocytes  from  uninfected 
donors 

J^^Cr  release  in  56'^C r release  in 


presence  of 
antiserum 


presence  of 
normal  serum 


12.4  + 

3.3 

55.1 

+ 

3.3 

15.6 

+ 

5.6 

28.6  -f 

16.7 

78.3 

+ 

2.12 

20.3 

+ 

3.8 

41.5  + 

6.1 

82.1 

± 

11.6 

40.2 

+, 

7.5 

11.4  + 

0.9 

66.0 

± 

2.9 

6.5 

+ 

2.0 

4.1  + 

4.4 

50.4 

+_ 

17.5 

6.7 

+ 

5.4 

2.9  + 

0.4 

54.5 

+, 

11.6 

7.2 

10.4 

4.65+ 

2.1 

56.3 

± 

9.8 
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13.5 
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Discussion 


Our  investigations  with  P*  chabaudi  infected  mice  suggest 
that  there  is  no  decrease  in  ADCC,  although  other  types  of 
immune  responses , e.g*  hunoral  responses  to  heterologous 
antigens  can  be  depressed  during  malaria  infection  in  mice 
(reviewed  by  Wedderbum,  1974 1 McBride  et  al.  t 1977)*  In 
6 of  the  8 experiments  described  above,  with  the  spleen  cells 
coming  from  mice  6-15  days  after  infection,  there  was  an 
increase  in  K coll  activity*  This  increase  in  cytotoxicity 
of  non-adherent  spleen  cells  from  infected  mice,  to  CRBCS 
in  the  presence  of  rabbit  anti-CRBC  serum  could  be  found  in 
spleen  cell:CRBC  ratios  of  between  1*25:1  and  40:1*  On  the 
basis  of  spleen  size,  there  would  have  been  a much  greater 
K cell  activity  from  between  days  6 and  15  because  the  spleens 
of  infected  mice  became  much  larger  (3-4  times  larger  at 
peak  parasitaemia)  than  those  of  non-inf oc tod  mice. 


In  our  preliminary  investigations  no  difference  was 
detected  in  the  K cell  activity  of  blood  mononuclear  cells 
from  children  infected  with  P*  falciparum  and  non-infected 
controls*  The  experimental  conditions  used  were  not 
entirely  satisfactory*  Recently  Greenwood,  Oduluju  & 

Stratton  (1977)  have  reported  an  increased  X cell  activity  in 
the  peripheral  bJood  of  children  infected  with  P*  falciparum* 
Clearly  more  work  on  human  malarias  is  indicated* 

During  a malaria  infection  there  is  a decrease  in  the 
number  of  T cells  and  B cells  in  lymphoid  tissues  (iCretti  & 
Nussenzweig,  1974?  Gravely,  Hamburger  & Kreier,  1976)  and  in 
the  peripheral  blood  of  children  infected  with  P*  falciparum 
(Wyler,  1976?  Greenwood  et  al* , 1977)*  This  decrease 
in  T and  B cells  is  accompanied  by  on  increase  in  so-called 
null  cells  which  category  may  include  IC  cells  (Greenberg, 
Hudson,  Snen  & Roitt,  1973)* 

There  is,  however,  no  evidence  from  these  experiments  that 
K cells  are  effector  cells  in  the  lysis  of  parasitized  red 
colls  or  free  malaria  parasites.  There  is  only  one  report  of 
immune  spleen  cells  being  cytotoxic  to  malaria  (P*  berghei) 
infected  red  colls  in  the  presence  of  antibody  (Coleman  et  al* , 
1975)  and  this  observation  needs  to  be  confirmed  in  other 
systems*  It  has  also  to  be  noted  that  monocytes  and 
polymorphonuclear  leukocytes  can  also  act  as  antibody-modiatod 
cytotoxic  cells  (Holm  et  al* , 1974?  MaoDonald  et  al*,  1975). 
Sanderson,  Lopez  & Bunn  Moreno  (1977)  report  that  eosinophils 
and  not  K cells  are  mainly  responsible  for  the  lysis  of 
Trypanosoma  oruzi  in  the  presence  of  antiserum* 


. 


The  presence  of  immune  complexes  in  serum  can  inhibit  K 
cell  activity  in  vitro  ( Jewell  & MacLennan,  1973) « Immune 
complexes  in  the  plasma  have  been  described  in  the  plasma  of 
malarious  monkeys  (Houba  et  al*,  1976),  It  is  possible  that 
the  presence  of  these  complexes  oould  limit  the  activity  of 
K oolls  in  vivo  in  the  control  of  a malaria  infection* 

It  is  also  possible  that  K oells  are  involved  in  the 
excessive  anaemia  which  ocours  during  acute  malarial  infection* 
Auto-antibodies  to  red  colls  may  bo  partly  responsible  for 
the  destruction  of  non-paras it ized  red  cells  (Zuckermon,  i960? 
McGhee,  1976?  Lustig,  Nussenzweig  & Nussenzweig,  1977)  and 
this  destruction  may  be  brought  about  by  X cells  in  the 
presence  of  these  antibodies* 
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Course  of  P«  chabaudi  infections  in  A^G  mice 
previously  exposed  to  no  irradiation  (A  — A 

200  rads  (•  — •),  JfOO  rads  (n □) » 600  rads 
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Figure  Course  of  P.  chabaudi  infections  in  mice 

irradiated  with  600  rads  and  injected  with 
10^  parasitized  red  cells  either  22  days 
(•  — •),  15  days  (o  — o)f  8 days  (A — A)  or 
1 day  (□—  o)  after  irradiation.  A non- 
irradiated  control  group  was  included  (A — A). 
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Non-specific  resistance  in  irradiated  mice 

In  a previous  report  (Annual  Report  Contract  No.  DAJA  37- 
75C-1620)  it  was  reported  that  in  irradiated  mice  there  was  a 
non- specifio  resistance  to  infection  with  P . chabaudi  during 
the  early  stages  of  the  infection.  This  observation  has 
been  further  investigated*  In  different  experiments  mice 
were  either  irradiated  with  different  levels  of  X-irradiation 
before  infection,  or  were  X-irradiated  and  wore  then  infected 
at  various  times  afterwards,  or  were  irradiated  and  reconstituted 
with  varied  numbers  of  spleen  or  bone-marrow  cells  and  than 
infected  at  different  times  thereafter. 

Effoct  of  different  doses  of  X-irradiation 


Ten  months  old  male  A2G  mice  were  irradiated  in  groups 
of  6 mice  with  either  200,  400,  600  or  800  rads.  A non- 
irradiated  group  was  included. - Twenty-two  hours  later  the 
mice  were  infected  with  5 x lO^  P.  chabaudi  parasitized  red 
cells.  The  geometrical  mean  parasitaemias  are  given  in 
Figure  3,  The  mice  given  800  rads  were  sacrificed  on  day  8 
to  comply  with  Kome  Office  Regulations.  It  can  be  seen  that 
the  primary  parasitaemia  went  into  significant  remission  in 
the  control  mico  6 or  7 days  before  that  in  mice  given  200  or 
400  rads,  and  11  days  before  the  600  rad  mice.  The  severest 
parasitaemias  were  seen  in  the  latter  mioe  in  this  experiment 

Infection  of  mioe  at  different  times  after  irradiation 


A preliminary  experiment  with  female  NIH  mice  showed 
that  mice  infected  16  days  after  irradiation  with  600  rads 
had  significantly  higher  parasitaemias  than  non- irradiated 
mice.  In  a second  experiment  10  weeks  old  male  C57B1  mice 
in  groups  of  7 mice  wore  given  600  rads  either  22,  15 1 8 or 
1 day  before  infection.  A non- irradiated  group  was  also 
included.  All  the  mioe  were  Infected  with  1 x 10* 


W raft*  bxiA  ii  day  feefWW  HWW  adciT^WvwiT 

parasitaemlaa  were  seen  In  the  latter  mice  In  this  experiment* 

Infection  of  mloe  at  different  times  after  irradiation 

A preliminary  experiment  with  female  NIH  mice  showed 
that  mice  infected  16  days  after  irradiation  with  600  rads 
had  significantly  higher  parasitaomias  than  non-irradiated 
mice*  In  a second  experiment  10  weeks  old  male  C57&1  mice 
in  groups  of  ^ mice  wore  given  600  rads  either  22,  15*  8 or 
1 day  before  infection.  A non— irradiated  group  was  also 
included*  All  the  mice  were  Infected  with  1 x 10*  P * chabaudi 
infected  red  cells*  The  mice  received  no  terramycin  in 
their  drinking  water*  The  course  of  the  Infection  in  five 
groups  is  shown  in  Figure  4,  In  mice  irradiated  22  days 
before  infection*  the  infection  was  not  delayed  in  onset 
but  followed  a course  in  advance  of  the  other  groups*  In 
the  three  other  irradiated  groups  there  was  some  initial 
resistance  to  infection,  especially  those  mice  irradiated 
1 and  8 days  before  infection,  and  in  all  three  groups  the 
parasitaemia  started  to  decline  2 days  after  that  in  the 
control  group  and  the  irradiated  mice  infected  22  days  after 
irradiation* 

These  experiments  showod,  therefore,  that  after  a sub- 
lethal  dose  of  irradiation,  the  effect  of  the  irradiation  is 
to  depress  or  enhance  the  early  course  of  the  infection 
depending  on  tho  time  of  infection  in  relation  to  the  time 
of  irradiation* 

Reconstitution  of  irradiated  mice  before  challenge 

Two  similar  experiments  were  carried  out  with  similar  results: 
one  is  described  in  detail*  Groups  of  17  weeks  old  C57B1  mico, 
each  containing  6-7  mice,  were  irradiated  with  600  rads  either 
9 or  2 days  before -infection  (on  day  o)  and  reconstituted  i*v* 
with  either  1 x lCr  or  6 x 10°  bone-marrow  cells,  or  6 x 10° 
spleon  cells  on  the  day  after  irradiation*  In  another  two 
groups  tho  mice  were  irradiated  on  either  day  -9  or  -2  and  in 
both  groups  tho  mice  wore  injected  i*p*  with  1*0  ml  whole  blood 
one  day  before  infoction*  Another  two  groups,  irradiated 
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Figure  5«  Course  of  P.  chabaudi  infection  in  C57H1  mice 

irradiated  with  600  rads  2 days  before  infection 
and  injected  i.v.  with  either  6 x 10^  bone-marrow 

r 

cells  (o  — o),  lx  10'  bone  marrow  cells 
(A  — A)>  or  with  no  bone-marrow  or  spleen 
cells  (•  — •).  Another  group  of  mice 
received  no  cells  and  was  not  irradiated 
(- □ — a -)  . The  inice  were  challenged  with 
lO  P.  chabaudi  parasitized  cells  i.v. 
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Figure  6 


days  oiler  infection 


Course  of  P,  chabaudi  infections  in  057^1  mice 
irradiated  with  600  rads  9 days  before  infection 
and  injected  i.v.  with  either  6 x lt/J  bone- 

r 

marrow  cells  (o  — o),  lx  l(r  bone-marrow  cells 
(A — A)  > or  with  no  bone-inarrow  or  spleen  cells 
(•  — •).  A non-irradiated  group  given  no 
cells  was  included  (Q — O) • The  mice  were 
challenged  with  10^  I1,  chabaudi  parasitized  cells 
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not.  porosit.  cells  / 1CT  red  cells 


Figure  7.  Course  of  P.  chabaudi  infection  in  C57B1  mice 
given  either  immune  serum  (l/h)  and  600  rads 
(o  — o);  immune  serum  (l/k)  and  no  irradiation 
(•  — •);  immune  serum  ( l/lO ) and  600  rads 
(□ — □);  immune  serum  (l/io)  and  no  irradiation 
(■  — ■)  ; normal  serum  and  600  rads  (A — A.)  » 
normal  serum  and  no  irradiation  (▲ — A). 


m c — f 

either  9 or  2 days  before  infection,  received  no  lymphoid  cells 
and  a further  group  of  non- irradiated  mice  was  included.  All 
the  nice  were  injected  i.v.  with  1 x 10°  P.  chabaudi  parasitized 
rod  cells  on  day  0.  The  mice  had  no  terramycin  in  their 
drinking  water. 

The  parasitaemias  in  the  various  groups  are  given,  in 
Figures  5 and  6. 

In  mice  infected  within  2 days  of  irradiation  there  was 
some  resistance:  the  increase  in  their  parastiaemias  was  g 
depressed.  The  irradiated  mice  reconstituted  with  6 x 10 
spleengcells  had  parastiaemias  very  similar  to  those  given 
. 6 x 10  bone-marrow  cells  and  are  omitted  from  the  graph.  Mice 

irradiated  on  day  -2  and  given  6 x 10°  bone-marrow  or  spleen 
cells  had  higher  peak  parastiaemias  than  the  other  irradiated 
• mice. 

Mice  ipradiated  9 days  before  infection  and  reconstituted 
with  6 x 10°  bone-marrow  or  spleen  cells  (not  shown)  showed 
no  resistance  to  infection  and,  in  fact,  these  mice  had 
enhanced  parastiaemias  compared  with  non-irradiated  controls 
during  the  first  6 days  of  the  infection.  In  the  other  two 
groups  of  mice  irradiated  9 days  before  infection  the 
parastiaemia  was  initially  depressed  although  less  than  their 
day  —2  counterparts*  It  was  noticeable,  however,  that  of 
these  2 groups  the  mice  given  1 x 10^  bone-marrow  cells  had  a 
higher  peak  parastiaemia  than  the  non— irradiated  mice  or  those 
given  no  cells.  In  the  mice  irradiated  either  9 or  2 days  before 
infection  and  given  whole  blood  the  parastiaemias  followed  the 
course  of  their  irradiated  counterparts  given  no  cells.  * 

In  tho  second  experiment  in  which  the  mice  were  irradiated 
1 or  8 days  before  infection  an  essentially  similar  result  was 
obtained  other  than  that  the  resistance  of  tho  mice  irradiated 
1 day  before  infection  was  less  than  that  seen  in  tho  mouse 
irradiated  2 days  before  infection. 

Passive  transfor  of  immune  serum  into  irradiated  mice 


Li. 


A preliminary  experiment  was  described  in  the  previous 
Annual  Report. 


In  this  confirmatory  experiment  immune  serum  was  obtained 
from  C57B1  mice  which  had  been  infected  85  days  previously. 

Tho  recipient  mice  were  18  weeks  old  C57B1  males.  Half  the 
mice  were  irradiated  with  600  rads  1 hour  bofore  they  were 
injected  i.p.  in  groups  of  3»  along  with  non-irradiated  mice, 
with  1 ml  of  either  a 1 in  I|  or  a 1 in  10  dilution  (in  Hanks' 
balanced  salt  solution)  of  immune  serum  or  with  neat  normal 


10^  P.  chabaudi 


serum.  The  mice  were  injected  i.v.  with  5 x 

parasitized  cells  3 hours  later.  The  parasitaemias  for  each 
group  of  mice  after  infection  are  given  in  Figure  7. 


The  irradiated  mioe  given  1 in  k diluted  immune  serum 
were  the  best  protected  mioe,  showing  a patent  parasitaemia  at 
least  3 days  after  their  non-irradiated  counterparts.  Immune 
serum  diluted  1 in  10  gave  no  protection  in  irradiated  or  non- 
irradiated  hosts.  There  was  a difference  of  approximately 
4 days  between  the  onset  of  the  patent  parastiaemias  in  tho 
irradiated  mice  given  1 in  4 immune  serum  and  the  irradiated 
controls,  and  2 days  for  tho  non-irradiated  mice  given  1 in  4 
immune  serum  and  the  non-irradiated  controls. 
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The  effect  of  cyclophosphamide  on  course  of  P«  chabaudi  infection 


Cyclophosphamide  is  widely  used  as  an  immunosuppressive 
agent.  Its  activity  depends  on  the  time  of  administration  in 
relation  to  exposure  to  antigen.  Cyclophosphamide  given  before 
antigen  can  depress  humoral  responses  and  enhance  cell-mediated 
responses,  e,g,  those  of  mice  to  sheep  red  cell  (La grange  et  al,, 
1974)*  Finerty  and  Krahl  (1976)  described  an  increased  delayed 
hypersensitivity  response  to  plasmodlal  antigen  in  mice  pretreated 
with  cyclophosphamide  and  this  was  accompanied  by  an  increased 
resistance  to  P,  voelii, 

A preliminary  experiment  was  carried  out  in  which  cyclophos- 
phamide was  given  before  infection  of  mice  with  P,  chabaudi. 

Three  months  old  C57B1  male  mice  in  groups  of  6 were  Inoculated 
i,p,  with  cyclophosphamide  (Kock  Light)  at  a dose  rate  of  either 
300  or  150  rag/Kg  3 days  before  infection  with  1 x 10°  P,  chabaudi 
parasitized  red  cells,  A control  group  received  distilled 
water  and  the  mice  were  similarly  infected.  The  geometrical 
mean  parasitaemias  are  given  in  Figure  8,  One  effect  of  the 
cyclophosphamide  was  to  depress  end/ or  to  delay  the  onset  of 
the  early  phase  of  the  primary  parasitaomia.  In  the  mice 
given  150  mg/Kg  the  course  of  the  patent  parasitaemia,  once 
established,  followed  a course  similar  to  the  controls.  Mice 
given  300  mg/Kg  showed  persistent,  fluctuating  and  often  acute 
patent  parasitaemias,  which  had  killed  4 of  6 mice  5h  days 
after  infection. 

Discussion 


The  principle  experiments  described  in  this  section  were 
carried  out  to  determine  some  of  the  conditions  affecting  the 
non-specific  resistance  to  infection  in  irradiated  CJ57B1  mice. 
Similar  results  have  been  obtained  with  NIH  mice  but  have  not 
been  described. 

It  was  found  that  the  patent  parastiaemia  was  marginally 
more  severe  in  mice  given  200  and  400  rads  but  was  significantly 
more  severe  in  mice  given  600  rads,  A low  dose  of  irradiation 
did  not  increase  resistance  to  infection  and  moderate  the 
primary  parasitaemia.  Suppressor  cells  are  especially  radio- 
sensitive and  low  doses  of  irradiation  have  been  reported  to 
enhance  the  immune  response  to  some  antigens  (Chiorazzi  et  al, , 
1976). 

The  course  of  the  infection  in  irradiated  mice  was 
dependent  on  the  time  of  infection  in  relation  to  the  time  of 
exposure  to  irradiation,  Mico  challenged  three  weeks  after 
600  rads  had  a primary  parasitaemia  which  increased  more  quickly 
than,  and  roached  a peak  2 days  before,  that  of  the  non- 
irradiatod  controls.  In  mice  challenged  2 or  8 days  after  the 
same  doso  of  irradiation  there  was  an  initial  resistance  to  the 
parasite  insofar  as  the  parasitaemia  rose  more  slowly.  Thus 
with  time  after  irradiation  there  was  a change  from  a 
depressed  to  an  enhanced  rato  of  parasite  increaso  in  the 
ascending  primary  parasitaemia  when  compared  with  non-irradiated 
mice. 


hh. 

The  resistance  to  the  parasite  after  irradiation  could  be 
overcome  and  the  parasitaemias  enhanced  by  injecting  syngeneic 
bone-marrow  or  spleen  cells  or  as  noted  above  by  delaying 
infection  after  irradiation.  It  can  be  assumed  that  in  the 
irradiated  and  not  reconstituted  mice  the  lymphoid  tissues 
aroropopulated  from  radioresistant  haemopoietic  stem  cells 
(Takada,  Takada  & Ambrus,  197l)  and  that  in  the  irradiated 
mice  reconstituted  with  spleen  or  bone-marrow  cells  this 
ropopulation  occurs  earlier. 

Some  possible  reasons  for  the  non-specific  resistance 
to  infection  in  irradiated  mice  are: 

3)  in  irradiated  mice  substances  are  released  from 
cells  damaged  by  irradiation  which  adversely 
affect  the  parasite* s growth; 

2)  the  depressive  effect  of  irradiation  on 
haemopoiesis  may  lead  to  a reduction  in  the 
numbers  of  red  cells  of  the  age  preferentially 
invaded  by  P.  chabaudi : 

3)  irradiation  reduces  the  numbers  of  cells 
regulating  the  immune  response; 

h)  there  is  a non-specific  stimulation  of  the 
roticulo-endothelial  system  (RES)  following 
irradiation  which  leads  to  the  removal  of 
parasites  or  parasitized  cells. 

Examination  of  blood  smears  taken  throughout  a 2li-hour 
cycle  from  infected  irradiated  mice  showod  no  evidence  (dotails 
not  given)  that  the  parasite  developed  from  ring  to  ochizont 
and  reinvaded  abnormally.  The  numbers  of  merozoites  produced 
in  schizonts  could  have  been  affected,  however. 

Resistance  to  P.  berghei  in  irradiated  mice  has  been 
ascribod  to  the  reduction  in  the  numbers  of  roticulocytes  in  the 
circulation  which  follows  irradiation  (Singer,  1953) • P,  berghei 
has  a preference  for  these  immature  red  cells.  Our  observations 
and  those  of  Ott  (1968)  indicate  that  P . chabaudi  has  no 
preference  for  roticulocytes  (as  detected  by  cresyl  blue  or 
Giemsa's  stain)  but  it  may  have  a preference  for  young  mature 
colls.  The  observation  that  injection  of  1.0  ml  whole  blood 
into  the  irradiated  mico  did  not  reduce  the  non-specific 
resistance  does  not  support  the  latter  suggestion:  injection 
of  whole  blood  would  be  expected  to  provide  some  of  the  younger 
red  cells  deficient  in  irradiated  mice. 

Resistance  to  Listeria  monocytogenes  and  Brucella  abortus 
infection  lias  been  demonstrated  in  irradiated  mice  and  in  athymic 
nude  mice  (Campbell,  Martens,  Cooper  & McClatchy.  197^1  Cheers 
& Waller,  1975 ; Chan,  Longshawn  & Skamene,  1977 5 • Chan  et  al. 
postulated  that  the  loss  of  regulatory  suppressor  T cells 
(Baker,  1975)  may  be  responsible  for  resistance  to  bacterial 
infection  since  they  are  radiosensitive  and  are  also  depleted 
in  nude  mice  (Okumara  & Tada,  1971;  Baker,  1975).  A role 
for  suppressor  T cells  in  malarial  immunity  has  yot  to  be 
demons  tr at od , 
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Sljivic  (l970a)  demonstrated  that  the  phagocytic  function  of 
the  RES  as  measured  by  carbon  clearance  test,  was  increased  by 
irradiation  of  mice.  The  clearance  rate  was  increased  with 
increased  doses  of  irradiation  and  could  bo  reduced  by  injecting 
lymph  node  cells  or  bone-marrow  cells  into  irradiated  mice  or 
by  introducing  antibiotics  into  the  drinking  water  (Sljivic, 

1970b),  Since  bone-marrow  or  spleen  cells  also  reduced  or 
abolished  the  partial  resistance  to  infection  with  P,  chabaudi, 
it  is  possible  that  the  mechanism  causing  an  increase  in  carbon 
clearance  in  irradiated  mice  is  similar  to  that  causing  resistance 
to  P,  chabaudi,  Irradiated  mice  given  the  antibiotic,  torramycin, 
in  this  study  were  still  partially  resistant,  however,  to  the 
infection.  Cheers  and  Waller  (1975)  observed  an  initial 
. increased  resistance  to  bacterial  infection  in  irradiated  mice, 

and  that  macrophages  from  these  mice  had  an  enhanced  capacity 
to  ingest  bacteria  in  vitro.  Both  Sljivic  and  Cheers  and 
• Waller  suggest  that  stimulation  of  the  RES  was  brought  about 

by  the  leakage  of  bacteria  or  bacterial  endotoxin  from  the  gut. 

It  is  likely  that  increased  mactophage  activity  following 
irradiation  could  provide  some  non-specific  resistance  to 
P«  chabaudi  since  experiments  in  which  mice  were  injected  with 
RES  stimulators,  such  as  Corvnebacterium  par  yum,  conferred  on 
the  mice  some  resistance  to  other  rodent  plasmodia  (Nussenzweig, 
1967?  Clark,  Cox  & Allison,  1977 | Cottrell,  Playfair  & 
de  Sousa,  1977) • If  phagocytosis  of  parasites  is  involved  in 
the  non-specific  resistance  to  infection,  a fall  off  with  time 
in  this  resistance  followed  by  enhancement  of  the  parasitaemia 
may  result  from  a blockade  of  the  RES  caused  by  the  eventual 
uptake  of  dead  cells  and  cellular  debris  by  fixed  macrophages 
after  irradiation.  Such  a blockage  of  the  RES  could  result 
in  a reduced  phagocytosis  or  in  a suppressed  cellular  or 
humoral  response  to  antigen  (Sabet,  Nowlin  & Friedman,  1969)* 

Immune  serum  showed  enhanced  activity  in  recently  irradiated 
mice,  probably  the  result  of  the  combined  effects  of  opsonizing 
antibody  in  the  serum  and  the  radiation- induced  increased  macro- 
phage activity.  Opsonizing  antibody  in  serum  of  immune  monkeys, 
rats  and  mice  has  been  described  (Brown,  1971|  Criswell,  Butler, 
Rossan  & Knight,  1971$  Chow  & Kreier,  1972),  In  an  earlier 
report  it  was  noted  that  small  numbers  of  immune  spleen  cells 
conferred  a greater  level  of  immunity  to  P « chabaudi  on  irradiated 
than  non-irradiated  mice.  One  possible  explanation  for  this 
observation  is  that  the  antimalarial  antibodies  subsequently 
produced  in  the  cell  recipients  would  be  made  more  effective 
because  they  are  being  reloased  in  an  irradiated  animal. 


Immunization  against  rodent  plasmodia 

D'Antonio  (1972),  in  a report  lacking  important  technical 
details,  noted  that  P,  borghei  after  exposure  to  temperatures 
above  37°C,  could  induce  immunity  in  mice.  In  the  last 
Annual  Report  a preliminary  experiment  was  described  in  which 
irradiated  and  heated  P,  chabaudi  infected  rod  cells  wore 
compared  for  their  immunizing  ability.  The  result  of  this 
experiment,  in  which  irradiated  blood  was  given  40  krad  and  the 
hooted  blood  was  exposed  to  45°C  for  45  minutes,  and  in  which 
the  mice  were  given  two  immunizing  inocula  6 days  apart,  both 
irradiated  and  heated  blood  protected  the  mico  to  some  degree. 
The  peak  parasitaemias  in  the  mice  given  irradiated  parasitized 
red  cells  was  lower  than  in  the  recipients  of  heated  parasitized 
blood. 
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Two  further  experiments  have  been  carried  out  with  essentially 
similar  results  and  only  one  experiment  will  be  described  below 
in  detail.  Preliminary  experiments  showed  that  placing  the 
parasitised  blood  (parasitaemia  19-35$)  at  45°C  for  24  minutes 
or  longer  prevented  further  parasite  multiplication.  Parasitized 
blood  kept  for  20  minutes  at  45°C  could  still  contain  viable 
organisms. 

Three  months  old  female  C57B1  mice  were  used.  Blood 
was  collected  from  parasitized  and  control  mice  into  heparin 
Hank's  solution  and  placed  on  ice.  Whole  blood  was  either 
heated  in  a 45°C  waterbath  for  20  or  30  minutes  or  irradiated 
with  40  krads  from  a gamma  ray  emitter  (°°Co) , The  parasitized 
blood  contained  ring  stages  of  P,  chabaudi  and  19*5$  and  17*5$ 
of  the  rod  cells  were  infected  for  day  0 and  day  15  immunizing 
inocula  respectively.  Groups  of  5 mice  were  set  up  and  treated 
as  indicated  in  Table  14,  Two  mice  in  Group  1 were  found 
to  be  infected  on  day  11  and  this  group  was  thereafter  excluded 
from  the  experiment.  All  tho  remaining  mice  were  challenged 
with  1 x 10-*  paras tizod  red  cells  i,v,  on  day  26,  The  course 
of  the  parasitaemias  are  shown  in  Figure  9« 

All  the  groups  given  irradiated  or  heated  blood  were 
protected  to  some  degree  in  that  the  patent  parasitaemia  declined 
before  that  of  the  controls.  Mice  given  two  immunizing  inocula 
were  better  protected  than  those  given  a single  inoculum. 

Irradiated  blood  was  marginally  more  effective  than  the  heated 
blood  insofar  as  the  (peak)  parasitaemia  on  day  7 was  lower  » 

in  tho  mice  given  irradiated  blood,  A similar  finding  was  noted 
in  the  previously  reported  experiment.  The  infected  blood 
heated  on  day  15  was  apparently  fully  inactivated  by  20  minutes 
at  45°C,  Infected  blood  heated  for  either  20  or  30  minutes 
was  equally  immunogenic  (Groups  6 and  7 respectively). 

Discussion 

It  was  confirmed  that  P.  chabaudi  infected  blood  heated  at 
45  C for  30  minutes  was  immunogenic  and  its  immunogenicity 
compared  favourably  with  that  of  irradiated  blood.  Irradiated 
parasites  do  continue  to  metabolize  for  some  time  after 
irradiation  (Trigg,  Phillips  & Guttoridge,  1972)  although 
division  is  prevented  and  in  tho  process  may  release  important 
immunogens.  It  is  likely  that  following  relatively  gentle 
heating  some  metabolic  processes  in  tho  malaria  parasites  may 
continue.  It  would  be  interesting  to  compare  tho  immunogenicity 
of  heated  parasitized  rod  colls  with  that  of  parasites  killed 
with  formalin,  p propriolactono  or  similar  agents. 

D' Antonio  (1972)  found  heated  P,  berghoi  parasitized  red 
cells  to  immunize  mice  as  effectively  as  disintegrated  parasites. 

Spitalny  & Nussonzwoig  (1972),  however,  found  that  heat 
inactivated  P,  berghei  sporozoites  protected  mice  less  well 
than  X-irradiatod  sporozoites.  Although  our  results  indicate 
that  heat-inactivated  P,  chabaudi  may  be  marginally  less 
effective  than  irradiatod  parasites  tho  convenience  of  heat- 
inactivation  recommends  its  further  examination, 
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TABL&  14 


Group 

Immunizing  inocula* 

Heated 

i 

Irradiation 

Day  0 

30  min 

1 

+ 

■m 

+P 

- 

- 

2 

+ 

+ 

- 

+p 

- 

3 

+ 

+ 

- 

- 

+P 

4 

+ 

+ 

- 

+c 

- 

5 

+ 

+ 

- 

- 

+c 

6 

- 

+ 

+P 

- 

- 

7 

- 

+ 

mm 

+p 

- 

Day  0 


Day  15 


g 

Groups  1,  2 and  3 - 5 x 10 
parasitized  cells/mouse 
(2,5  x 109  rod  cells) 

9 

Groups  4 and  5 - 2.5  x 10 
red  colls 

Groups  1.  2,  3»  6 and  7 - 

2.1  x 10®  parasitized  colls/mouse 

(12  x 10^  red  cells) 

9 

Groups  4 and  5 - 1.2  x 10 
red  oolls 


P a parasitized  blood)  C a control  blood 


* 
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Immunity  to  P * chabaudi  in  mice  can  be  passively  transferred 
with  serum  and  spleen  cells*  In  last  yoar*s  report  (Annual 
Report  DAJA  37-75  01620)  experiments  wore  described  in  which 
immune  spleen  cell  populations  were  separated  into  enriched 
thymus  dependent  lymphocyte  populations  (T  cells),  enriched 
bursa-dependent  lymphocytes  (B  cells)  and  strongly  adherent 
cells  and  their  ability  to  confer  immunity  in  recipient  syngeneic 
mice  compared*  T and  B cell  populations  were  prepared  on  nylon 
wool  columns*  The  cell  recipients  were  irradiated  with  600 
or  800  rads  shortly  before  cell  transfer.  In  brief,  these 
experiments ^showed  as  follows*  Immunity  could  be  transferred 
with  1 x 10  or  more  spleen  cells.  Enriched  immune  T cells 
usually  gave  poorer  protection  than  spleen  cells  depleted  of 
macrophages  only  by  filtration  on  a glass-wool  column  and  this 
was  most  clearly  seen  in  the  recipients  given  800  rads*  For  a 
fuller  expression  of  their  protective  activity  therefore  the 
immune  T cell  population  was  at  least  partially  dependent  on  the 
presence  of  radiosensitive  cells  in  the  recipient  mice* 
Nevertheless,  the  immune  T cell  population  was  usually  protective 
to  some  degree  and  this  might  be  attributed  to  the  T cells 
themselves  acting  as  mediators  of  cellular  immunity,  the 
residual  B cells,  or  the  unidentified  cells  present  (such  as 
null  colls  or  theta  negative  T cells)  or  combinations  of  all 
those  cells*  The  enriched  immune  B cells  gave  protection  which 
was  never  loss  than  that  given  by  the  corresponding  enriched 
T cells  and  more  often  was  significantly  better  and  compared 
well  with  the  glass-wool  filtered  immune  spleen  cells*  Where 
the  enriched  B cells  gave  bettor  protection  than  the  enriched 
T cells  it  could  be  concluded  that  the  protection  provided  by 
enriched  B cell  population  was  not  merely  emanating  from  the  13$ 
identifiable  T cells  present  in  this  population*  Although 
the  glass-wool  filtered  immune  spleen  cells,  which  contained 
approximately  30$  identifiable  T cells  and  30$  B cells, 
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null  cells  or  theta  negative  T cells)  or  combinations  of  all 
these  cells*  The  enriched  immune  B cells  gave  protection  which 
was  never  less  than  that  given  by  the  corresponding  enriched 
T cells  and  more  often  was  significantly  better  and  compared 
well  with  the  glass-wool  filtered  immune  spleen  cells.  Where 
the  enriched  B cells  gave  bettor  protection  than  the  enriched 
T cells  it  could  be  concluded  that  the  protection  provided  by 
enriched  B cell  population  was  not  merely  emanating  from  the  13% 
identifiable  T cells  present  in  this  population.  Although 
the  glass-wool  filtered  immune  spleen  cells , which  contained 
approximately  30%  identifiable  T cells  and  30%  B cells, 
consistently  gave  the  best  protection,  our  attempts  to  show 
synergy  between  T and  B cells  or  bone-marrow  cells  were 
inconclusive. 

Pahgocytic  cells  of  tho  reticuloendothelial  system  play  an 
important  role  in  the  removal  of  malaria  parasites  from  tho 
peripheral  circulation  (Taliaferro  & Cannon,  1936).  In  on 
earlier  report  it  was  shown  that  parasitizod  red  cells 
containing  late  trophozoites  or  schizonts  were  phagocytosed 
in  mice  which  were  immune  or  were  becoming  immune  to  P.  chabaudi. 
Phagocytosis  occurred  in  the  liver,  spleen  and  occasionally 
in  the  peripheral  blood.  Removal  of  splenic  phagocytes  on  a 
glass-wool  column  did  not  reduce  the  ability  of  the  spleen 
cells  to  confer  immunity  on  syngeneic  recipients:  in  one 
experiment  9 x 10°  spleen  cells  depleted  of  macrophages  gave 
slightly  bettor  protection  than  a similar  number  of  cells 
of  the  same  spleen  cell  population  not  depleted  of  macrophages. 
In  two  experiments  (Annual  Report  37-73  C3492)  splenic 
phagocytic  cells  from  immune  mice  were  adoptively  transferred 
to  Irradiated  syngeneic  recipients  in  order  to  examine  the 
activity  of  these  cells  in  protecting  recipients  against 
P . chabaudi . Splenic  macrophages  wore  separated  from  the 
spleen  cell  population  (as  being  those  colls  which  adhered 
to  petri  dishes  after  incubation  at  37  C for  either  l\  hours 
or  16  hours)  and  were  then  injected  into  irradiated  recipients. 
The  adherent  cells  collected  after  1-J-  hours  gave  a comparatively 
high  degree  of  protection  to  tho  recipients  whereas  those 
collected  after  l6  hours  conferred  little  protection  on  the 
recipients. 


Female  NXH  mice  were  thymectomized  or  a ham  thymectomized 
at  12  weeks  old,  given  800  rads  irradiation  at  25  weeks,  and 
injected  i.v.  with  1.25  x 10°  syngeneic  bone-marrow  cells 
immediately  afterwards.  The  mice  were  each  given  5*000  units 
of  penicillin  i.p.  and  for  2 weeks  after  irradiation  terramycin 
in  the  drinking  water. 

When  the  thymectomized  control  mice  were  37  weeks  old  they 
were  infected  with  1 x 10-*  P . chabaudi  parasitized  red  cells 
from  a C57B1  mouse.  The  geometrical  mean  paras itaemias  in 
9 thymectomized  and  ^ control  NTH  mice  are  given  in  Figure  IQ, 
together  with  the  parasitaemia  of  one  mouse  selected  at  random 
from  each  group.  The  primary  parasitaemia  was  considerably 
more  severe  and  persisted  longer  in  the  thymectomized  mice. 

Relapse  parasitaomias  were  also  more  severe  In  thymectomized 
mice. 

2.  Adoptive  transfer  of  immunity  bv  spleen  cells  after  treatment 
with  anti-thymocyte  serum 

Anti— thymocyte  serum  for  detecting  and  killing  T cells 
was  prepared  in  rabbits  and  used  following  the  method  of  Rose, 
Parrott  & Bruoe  (1976).  Anti-theta  serum  was  prepared  following 
the  procedure  of  Leif  & Allen  (1964)  by  immunizing  AKR  mice 
with  7 weekly  doses  of  CBA  thymocytes. 

Three  experiments  have  been  carried  out  to  date,  two  of 
which  will  be  summarised  and  the  third  described  in  full. 

In  the  first  experiment  in  male  C57B1  mice,  the  immune 
donors  had  been  infected  275  days  and  reinfected  11*8  days  before 
sacrifice.  The  recipients  were  8 weeks  old.  Enriched  immune 
and  normal  T cell  populations  and  glass-wool  filtered  (g.w. ) 
immune  and  normal  spleen  cell  populations  were  prepared  as 
described  previously  (Annual  Roport  DAJA  37-75  C1620).  Tho 
immunoglobulin  bearing  cells  (B  cells)  were  detected  as  follows. g 
Cell  suspensions  wore  washed  once  and  resuspended  to  give  5 x 10  - 

1 x 10'  colls  in  0.25  ml  phosphate  buffered  saline  (PBS), 
pH  7.2*  To  each  0,25  ml  of  cells  was  added  25  Pi  of  l/lO 
fluorescein  conjugated  horse  anit-mouse  immunoglobulin  (Progressive 
Laboratories,  Incorporated,  Baltimore)  diluted  in  PBS.  After 
45  minutes  incubation  on  ice,  tho  cells  were  washed  three  times 
in  PBS  and  resuspended  to  0.1  ml  in  PBS.  The  cells  were  then 
viewed  under  a Leitz  Ortholux  II  microscope  set  for  U.V. 
illumination.  The  numbers  of  B cells  in  the  cell  populations 
•<  were  27#,  23#,  3#  and  2.8#  in  g.w.  normal  and  g.w.  immune  spleen 

cells*  and  normal  and  immune  T cell  populations  respectively. 


The  cell  populations  were  treated  with  anti-thymocyte  serum 
(ATS)  diluted  to  l/40  in  PBS,  or  normal  rabbit  serum  (l/40) 
and  complement  (Rose,  Parrott  & Bruce,  1976),  washed  and 

2 x 10°  of  the  treated  cells  injected  i.v.  into  each  recipient 
mouse  which  had  been  given  600  rads  2 horn's  before  cell  transfer. 
Treatment  with  ATS  and  complement  killed  73$,  67$,  27$  and  31$  of 
the  immune  T,  normal  T,  g.w.  immune  spleen  cells  respectively. 

The  recipient  mice  were  challenged  i.v.  with  1 x 10°  P.  chabaudi 
parasitized  cells  within  one  hour  of  cell  transfer.  The 
course  of  the  paras it aemias  is  summarised.  All  the  recipients 
of  normal  spleen  cells  had  acute  relapsing  parasitaemias 

which  in  the  majority  of  mice  became  subpatent  around  day  36 
after  challenge  although  most  subsequently  relapsed:  in  a 
small  number  of  mice  the  parasitaemia  was  briefly  subpatent 
around  day  23.  In  the  recipients  of  normal  spleen  cells 
treated  with  ATS,  the  initial  parasitaemias  were  higher  than 
in  the  recipients  of  NRS  treated  cells.  In  the  g.w.  immune 
cell  recipients,  in  both  recipients  of  ATS  and  NRS  treated 
cells,  the  parasitaemia  was  subpatent  by  day  14  and  remained 
so  throughout  the  51-day  observation  period.  In  the  ATS 
trea+'n.  ; .w*  immune  cell  recipients,  however,  the  mean  peak 
paras 1 ,mia  reached  was  17*3$  whereas  in  the  NRS  treated 
group  1 % was  4 .7$*  In  the  immune  T cell  recipients  the 
primary  patent  parasitaemias  were  subpatent  by  day  16  and 
in  the  case  of  the  recipeints  of  NRS  treated  T cells  remained 
subpatent  throughout  the  observation  period.  In  the  ATS 
treated  group,  3 of  6 mice  relapsed  between  days  27  and  30 
and  the  mean  peak  parasitaemia  was  considerably  higher  than 
in  the  NRS  treated  group  (24$  vesus  2.1$).  It  was  suspected 
that  the  significantly  higher  parasitaemias  in  the  recipients 
of  cells  treated  with  ATS  might  be  the  result  of  Inadequate 
washing  of  the  treated  cells  prior  to  cell  transfer  and  that 
consequently  small  amounts  of  ATS  were  carried  over  into  the 
recipients  which  effectively  inactivated  residual  T cells  in  the 
irradiated  mice.  This  experiment  showed  that  treatment  of 
the  immune  T coll  population  only  impaired  the  protective 
activity  of  these  cells  insofar  as  half  the  mice  showed 
patent  relapse  parasitaemias. 

In  a second  similar  experiment  in  male  C57B1  mice  immune 
sploen  cells  came  from  immune  donors  112  days  after  infection 
and  the  cells  were  treated  with  NRS  or  ATS  diluted  to  l/20 
and  were  washed  twice  with  15  ml  of  medium  199  before  cell 
transfer.  Treatment  of  immune  T,  g.w.  immune  and  g.w.  normal 
spleen  cells  with  ATS  killed  82$,  48. 6$  and  43$  respectively. 
Recipient  mice  were  given  600  rads  2 hours  before  each  received 

3 x 10°  spleen  cells,  and  the  mice  were  challenged  with  5 x 10^ 

P.  chabaudi  parasitized  cells.  The  results  showed  that  the 
immune  T cells  treated  with  ATS  conferred  no  protection  on 
their  recipients  whereas  the  NRS  treated  immune  T cells  were 
significantly  protected.  The  recipients  of  g.w.  immune  cells 
gave  an  anomalous  result  in  that  no  protection  was  evident 

in  the  recipients  of  NRS  treated  cells  but  4 of  6 mice  given 
ATS  treated  cells  were  protected. 

In  a third  experiment  in  female  NIH  mice  immune  donors 
were  infected  192  days  before  sacrifice.  The  procedure  was 
was  described  in  the  two  previous  experiments.  The  cells 
were  treated  with  ATS  at  l/20  and  each  600  rad  irradiated 
mouse  received  2.5  x 10°  cells  i.v.  The  number  of  colls 
killed  by  the  ATS  treatod  was  81$,  71$,  44$  and  41$  in  the 
immune, T,  normal  T,  g.w.  immune  and  g.w.  normal  respectively. 
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Figure  11.  Course  of  P , chabaudi  infection  in  mice 

irradiated  with  600  rads  and  injected  i.v. 
with  either  2.5  x 10  immune  T cells  treated 
with  either  antithymocyte  serum  (ATS)  (•  — •) 
or  normal  rabbit  serum  (NRS)  (o  — o),  2.5  x 10 
glass-wool  filtered  immune  cells  treated 
with  either  ATS  (o  — 0)  or  NRS  (■  — ■) , 

2.5  x 10^  normal  T cells  treated  with 
either  ATS  (<7  — t?)  or  NRS  (A  — A),  or 
2.5  x 10  glass-wool  filtered  normal  spleen 
cells  treated  with  either  ATS  (▼  — T)  or 
NRS  (A  — A)  . 
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The  cell  recipients  in  groups  of  6 mice  were  challenged  with 
1 x 10°  P.  chabaudi  parasitized  cells  immediately  after  cell 
transfer,  Tho  parasltaemias  are  shown  in  Figure  11,  It 
can  be  seen  that  the  immune  T cells  and  the  g,w«  immune 
spleen  cells  treatod  with  NRS  conferred  some  protection  on 
the  recipients.  This  was  evident  as  a suppression  of  the 
relapse  parasltaemias  seen  in  the  oontrol  groups:  none  of 
the  g,w,  immune  cell  recipients  relapsed  during  a 36-day 
observation  period  where  2 mice  in  immune  T cells  relapsedv 
on  days  29  and  36  respectively.  In  the  recipients  of  immune 
T cells  troated  with  ATS  the  parasltaemias  followed  those  of 
the  control  groups.  The  ability  to  confer  protection  on 
recipients  had  been  abolished  by  treatment  with  ATS.  In  the 
mice  given  g,w,  immune  spleen  cells  treated  with  ATS,  2 mice 
relapsed  on  days  22  and  2k  respectively,  at  a time  when  control 
mice  relapsed,  3 mice  relapsed  on  day  36,  10  to  14  days  after 
control  mice,  and  the  sixth  mouse  in  the  group  remained 
subpatent  throughout  the  observation  period. 

In  summary,  the  experiments  to  date  indicate  that 
treating  immune  spleen  cells  with  ATS  at  l/20  and  l/40  and 
complement  depressed  or  even  abolished  the  protective  activity 
of  tho  enriched  immune  T cell  population  in  irradiated 
recipients  confirming  the  role  of  T cells  in  immunity  to 
P , chabaudi , The  effect  of  ATS  treatment  in  g,w.  immune 
spleen  cells  was  less  clear  cut  but  it  appeared  that  it  could 
only  reduce  the  protective  activity  of  this  cell  population, 
suggesting  a significant  role  foi’  the  surviving  cells  in  this 
population,  perhaps  memory  of  cells. 


Role  of  phagocytic  cells  in  immunity  to  P,  chabaudi 


Phagocytosis  of  parasitized  red  cells  containing  late 
trophozoites  or  schizonts  in  the  spleen  and  liver  euid 
occasionally  in  the  peripheral  blood  has  been  observed  in 
hyperimmune  mice  and  in  mice  in  which  the  primary  parasitaemia 
was  going  into  remission.  Removal  of  adherent  cells  from  an 
immune  spleen  cell  population,  by  passage  through  glass-wool 
column,  did  not  impair  the  ability  of  these  cells  to  oonfer 
immunity  in  recipient  mice:  in  one  experiment  it  enhanced  the 
protection  given.  In  two  other  experiments  reported  earlier, 
adherent  cell  populations  from  immune  spleen  cells  were 
prepared  and  transferred  to  non- immune  mice  which  were  subsequently 
challenged.  In  one  experiment  the  adherent  cells  were 
prepared  by  collecting  cells  adhering  to  petri  dishes  after 

1.5  hours  Incubation  at  37°C  and  in  the  other  after  incubation 
for  20  hours  at  37°C,  The  protection  conferred  on  the 
recipients  by  these  populations  was  quite  different.  In  the 
former  case  a strong  degree  of  protection  was  conferred  and 

in  the  latter  oase  little  protection.  Two  further  experiments 
examining  the  ability  of  adherent  cells  to  confer  immunity 
on  recipient  mice  have  been  carried  out. 

Enriched  populations  of  strongly  adherent  cells  were 
obtained  by  incubating  1 x 10?  spleen  cells  in  10  ml  of 
medium  199  containing  10$  foetal  calf  serum  and  20  mM  Hepos 
in  9 cm  petri  dishes.  The  cells  were  incubatod  for  either 

1.5  hours  or  16  hours  (see  below)  at  37°C  in  95$  air/ 5$  CO^ 
in  a desiccator.  After  incubation,  non-adlierent  cells  were 
removed  by  repeated  washing  of  the  surface  of  tho  petri  dish 
with  medium  and  the  adherent  oells  were  released  by  a rubber 


Figure  12.  Course  of  P.  chabaudi  infection  in 
C57U1  mice  irradiated  with  600  rads 
and  injected  i.v.  with  either  1 x 10^ 
unfractionated  immune  spleen  cells 
(H — ■) » 1 x 10  immune  phagocytic  cells 
(A — A)  or  1 x 10  normal  spleen  cells 
(A  — A). 
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days  offer  infection 


Figure  13*  Course  of  P.  cliabaudl  infection  in  NIH 
mice  irradiated  with  600  rads  and 


injected  i.v.  with  either  1 x 10 
unfractionated  immune  spleen  cells 
(□ — □) , 1 x 10  immune  phagocytic 
cells  (A — A ) , or  1 x 10  normal 
spleen  cells  (A — A)» 
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policeman.  The  cells  were  washed  three  times  with  medium  prior 
to  injection  into  the  recipients.  The  number  of  phagocytic 
cells  in  the  coll  populations  was  determined  by  the  following 
procedure.  A drop  of  cell  suspension  containing  approximately 
5 x 10®  cells/ml  was  mixed  with  a drop  of  polystyrene  latex 
particles  containing  2 x 10^  particles/ml  (l.8R  diameter,  Dow 
Chemicals)  on  a clean  glass  slide.  A coverslip  was  placed  on 
top  of  the  mixture  and  the  slide  incubated  for  10  minutes  at 
37 °C.  The  phagocytic  cells  which  took  up  latex  particles  were 

then  counted. 

In  the  first  experiment,  phagocytic  cells  were  collected 
after  16  hours  incubation  from  the  pooled  immune  spleens  of 
2 female  C57B1  mice  which  had  been  infected  on  three  occasions, 
the  last  occasion  being  55  days  before  sacrifice.  Eighty 
per  cent  of  the  adherent  cells  took  up  latex  particles. 

Recipient  female  C57B1  mice,  12  weeks  old,  were  irradiated  with 
600  rads  and  injected  with  either  1 x 10®  immune  phagocytic^ 
cells,  1 x 10°  unfractionated  immuno  spleen  cells  or  1 x 10 
unfractionated  normal  spleen  cells.  The  cell  recipients  were 
all  injeoted  i.p.  with  5 x 10°  P.  chabaudi  parasitized  red 
cells  48  hours  after  irradiation.  The  course  of  the 
parasitaomias  are  shown  in  Figure  12  where  it  can  be  seen  that 
the  phagocytic  cells  conferred  little  protection  on  recipients 
compared  to  immune  unfractionatod  spleen  cells  although  around 
day  14  of  infection  there  appeared  to  be  a transitory  protective 
effect. 

In  a second  experiment  with  NTH  female  mice,  adherent 
cells  were  collected  after  2*5  hours  incubation  and  contained 
68$  cells  which  took  up  latex  in  the  immune  cell  population  and 
72$  in  non— immune  population.  The  immune  cell  donors  had 
been  infected  twice,  the  last  time  being  118  days  before 
sacrifice.  The  recipient  mice  wore  given  600  rads  and  were 
injected  i.v.  with  either  1 x 10°  immune  adherent  cells, 

1 x 10°  unfractionated  immuno  spleen  cells  or  1 x 10°  non-immune 
adherent  cells.  Immediately  after  cell  transfer  all  the  mice 
were  challenged  with  1 x 10°  P«  chabaudi  parasitized  red  cells. 

In  this  experiment  (Figure  13 ) immune  adherent  cells  clearly 
conferred  some  immunity  on  the  recipients. 

The  different  in  protective  properties  of  immune  adherent 
cells  which  were  harvested  after  2.5  hours  and  16  hours  may 
be  attributed  to  a loss  of  activation  of  immune  macrophages 
after  prolonged  incubation  in  vitro.  As  immune  adherent  colls 
were  80$  phagocytic  after  16  hours  incubation,  it  is  unlikely 
that  a defect  in  phagocytosis  is  responsible  for  such  a loss 
of  activation. 

The  immune  adherent  cells  from  the  spleens  of  NTH  mice 
were  examined  for  numbers  of  immunoglobulin-bearing  cells  after 
2.5  hours  incubation  at  37 °C,  and  it  was  found  that  25.5$ 
of  these  cells  were  immunoglobulin-bearing  compared  with  28$ 
of  the  unfractionated  spleen  cell  population.  The  fluorescence, 
however,  of  many  of  the  adherent  cells  were  clearly  not  as 
bright  as  that  shown  by  unfractionated  immune  cells.  Cytophilic 
antibodies  adhering  to  macrophages  may  have  been  at  least 
partially  responsible  for  the  fluorescence  observed  with 
adherent  cells,  but  it  is  also  possible  that  B cells  were 
present, and  if  so,  they  may  have  contributed  to  the  protection 
conferred  by  immune  adherent  cells.  Phagocytic  cells  which 
secrete  tmmmnginhuHna  have  been  detected  which  adhere  to 


53. 


glass  surfaces  (LSwy  et  al.(  1975).  The  Inability  of  C57Bi 
immune  adherent  cells  to  confer  much  protection  after  1 6 hours 
incubation  at  37  °C  may  be  due  to  the  fact  that  lymphocytes  die 
rapidly  in  culture  (Trowell,  19^5) » 50-70$  cells  dying  within 
2k  hours  in  culture  at  37°C. 
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Figure  Ik.  Course  of  P,  chabaudi  infection  in  NIH  mice 


irradiated  with  800  rads  and  injected  i,v. 

. . 6 

with  either  2 x 10  unfractionated  immune 


spleen  cells  (o  — o),  2 x 10  * enriched 
immune  T cells  (fl  — □) , or  2 x 10^  normal 


spleen  cells  (•  — •).  Sera  were 
collected  on  days  11  and  lfy  (marked  with 
arrows ) . 
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Loglo  nos.  parasit.  ceils/ to  red  cells 


Figure  13(a).  Course  of  P.  chabaudi  infection  in  NXH  mice 
irradiated  with  600  rads  and  injected  i.v. 
with  0.5  ml  of  sera  collected  on  day  11  from 
recipients  of  either  unfractionated  immune 
spleen  cells  (o  — o),  enriched  immune  T cells 
(□  — - □),  or  normal  spleen  cells  (•  — • ). 
Control  group  given  normal  NU1  serum  (& — &). 

Figure  15(h).  As  above  except  that  sera  were  collected  on 

day  1U,  The  fractions  beside  certain  symbols 
represent  the  number  of  subpatent  mice/total 
number  of  mice  in  that  group. 


The  antiparaaitic  activity  of  serum  from  Irradiated 
recipients  of  immune  spleen  cells  or  normal 
spleen  cells  during  infection 
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Passive  transfer  experiments  have  demonstrated,  that  immune 
serum  provides  a degree  of  protection  against  malaria  infection, 
in  particular,  the  IgG  fraction  of  immune  serum  ( Cohen  et  al* , 
1961}  Diggs  & Osier,  1969;  Butcher  et  al.,  1970;  Phillips  & 
Jones.  1972),  In  the  previous  report  (Annual  Report  DAJA  37-75 
CI620)  the  passive  transfer  of  immunity  vith  serum  was 
demonstrated  with  P . chabaudi  infections  in  non-irradiated  and 
more  effectively  in  irradiated  mice*  Irradiated  mice, 
therefore,  were  used  to  examine  the  protective  effect  of  sorum 
taken  at  different  times  during  infection  from  irradiated 
recipients  of  either  unfractionated  immune  spleen  oells, 
enriched  immune  T cells  or  normal  spleen  cells* 

Groups  of  20  eight  months  old  NIH  female  mice  wore 
irradiated  with  800  rads  and  one  hour  lator  injected  i*v*  with 
g.w*  immune  spleen  cells  enriched  immune  T cells  or  g*w,  normal 
spleon  cells*  The  number  of  immunoglobulin  bearing  cells 
(B  cells)  in  the  enriched  immune  T cells  and  the  g*w*  immune 
colls  was  1 e/o  and  3 respectively*  The  immune  colls  camo 
from  two  NIH  female  donors  which  had  been  infoctod  35  days 
before  spleens  had  been  removed*  Normal  cells  camo  from  ago 
and  sex  matched  mice*  The  cell  recipients  wore  injected  i*p* 
with  2 x 10&  P*  chabaudi  parasitized  rod  colls  within  two  hours 
of  cell  transfer* 

The  course  of  the  parasitaomia  in  the  cell  recipients  was 
monitored  in  five  or  six  mice  in  each  group  (see  Figure  14)* 

On  days  11  and  14  of  infection  half  the  mice  in  each  group 
were  sacrificed  and  bled  for  serum*  Q Sera  from  mice  in  each 
group  were  pooled  and  stored  at  -20  C until  the  protective 
activity  of  each  pool  was  tested  as  follows*  Twelve  weeks  old 
NIH  mice  were  given  600  rads  and  20  hours  later  wore  infected 
i,v,  with  10^  P«  chabaudi  parasitized  red  cells  of  the  same 
parasite  population  used  for  infeoting  the  spleen  cell 
recipients*  Within  30  minutes  of  infection  the  mice  were 
injected  i,v.  with  0,5  ml  of  sera  collected  on  days  11  and  14 
from  either  the  g*w*  immune  cell  recipients,  the  enriched 
immune  T cell  recipients  or  the  normal  spleen  cell  recipients* 

A control  group  of  irradiated  mice  received  NIH  serum  from 
non- immune  mice* 

It  can  be  seen  from  Figure  14  that  the  primary  porositaemia 
declined  first  in  the  g*w*  immune  coll  recipients  followed 
by  that  in  the  immune  T cell  mice  and  the  most  persistent 
parasitaomia  was  in  the  control  mice* 

The  results  of  the  passive  transfers  are  given  in 
Figure  15,  Mice  which  reoeived  serum  from  day  11  of  infection 
showed  little  protection  although  on  day  3 four  out  of  fivo 
mice  which  received  serum  from  g*w*  immune  colls  were  still 
subpatent  whereas  all  but  one  of  the  mice  from  the  other  two 
groups  were  showing  patent  paras itaemias.  In  the  mice 
given  day  14  sorum,  there  was  good  evidence  of  protective 
activity  in  the  sorum  from  the  g.w*  immune  cell  recipients t 
nano  of  these  mice  showed  a patent  parasitaomia  on  day  3 
whereas  all  four  normal  serum  controls  were  patent  and 
throughout  the  observation  period  the  course  of  the 
parasitaomia  was  depressed  compared  with  the  controls*  Serum 


normal  serum 
□ immune!  *• 


days  after  infection 


Figure  16.  Repeat  of  experiment  shown  in  Figure  15 
except  that  non-irradiated  NXH  mice  were 
used  as  recipients.  Mice  were  injected 
with  0.5  ml  of  sera  collected  on  day  lh 
from  unfractionated  immune  cell  recipients 
(o  — o),  or  enriched  immune  T cell 
recipients  (a — t a)  . Control  group 
received  normal  NX1I  serum  (A  A ) . 
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from  the  lmmuno  T cell  recipients  gave  some  protection  Insofar 
as  foui’  of  six  mice  were  subpatent  on  day  3 but  thereafter 
the  parasitaemia  rose  to  control  levels*  Serum  from  normal 
spleen  cell  recipients  appeared  to  enhance  the  parasitaomia 
in  the  irradiated  recipients  although  2 of  the  5 five  mice  in 
this  group  were  subpatent  on  day  3, 

A confirmatory  experiment  was  carried  out  with  day  14 
serum  remaining  from  the  g«w«  immune  and  immune  T cell  recipients* 
The  serum  recipients,  22  week  old  female  NIH  mice,  were  not 
irradiated*.  In  groups  of  5 or  6 mice  they  were  challenged 
with  1 x 104  P*  chabaudi  parasitized  cells  and  immediately 
afterwards  by  the  same  route  injected  with  0*5  ml  of  normal 
NIH  serum  or  day  14  serum  from  either  the  g«w*  immune  cell 
recipients  or  immune  T cell  recipients.  The  resultant 
parasitaemias  are  shown  in  Figure  16,  Again  the  serum  from 
the  g,w*  immune  cells  was  the  most  protective  and  the  serum 
from  the  immune  T recipients  gave  a measurable  although  small 
degree  of  protection* 

Discussion 


The  protective  effect  of  passively  transferred  sera 
isolated  from  irradiated  mice  which  had  been  the  recipients 
of  g,w,  immune  spleen  cells,  enriched  immune  T cells,  or  g,w. 
normal  spleen  cells  reflected  the  immune  status  of  the  serum 
donors  when  the  serum  was  collected.  Serum  collected  from 
tho  recipients  of  g,w*  normal  spleen  cells  showed  little  or 
no  protection  in  the  recipients  3 days  after  challenge  and  as 
the  infection  developed  in  the  serum  recipients  appeared  to 
enhance  the  parasitaomia.  Serum  collected  on  day  14  was 
moro  effective  in  the  passive  transfer  test  than  day  11  serum 
for  the  g*w*  immune  cell  recipients  and  to  a lesser  degree  for 
tho  Immune  T cell  recipients* 

It  remains  to  be  shown  that  the  protective  activity  in  the 
sera  from  the  two  groups  of  immune  cell  recipients  (g*w. 
immune  and  immune  T)  is  in  one  or  both  cases  antibodies*  If 
the  low-level  of  protective  activity  in  the  sera  from  the  immune 
T coll  recipients  is  antibody,  it  suggests  that  a role  of  the 
T cells  is  that  of  helper  cells  and  that  there  are  sufficient 
B colls  in  the  irradiated  mice  with  which  the  T memory  helper 
cells  may  cooperate.  The  g,w,  immune  spleen  cell  population 
would  bo  expected  to  include  both  T and  B memory  cells  which 
together  would  have  the  potential  to  produce  antibodies  of 
various  specificities*  If  we  assume  that  P*  chabaudi  can 
undergo  antigenic  variation,  then  the  more  persistent  activity 
of  the  day  14  g*w*  immune  cell  serum  may  only  reflect  the 
presence  in  it  of  antibodies  which  react  or  cross-react  with  a 
larger  number  of  variant  populations  which  might  arise  in  tho 
serum  recipients*  Phillips  (1970)  and  Phillips  & Jones  (1972) 
clearly  showed  that  in  the  adoptive  transfer  of  immunity  to 
P.  berehei  in  rats  with  spleen  cells  the  elimination  of  the 
parasite  in  the  recipients  after  challenge  was  associated  with 
tho  appearance  of  high  levels  of  protective  IgG,  in  the  sorum. 
Further  experiments  are  in  progress  to  compare  antibody 
production  in  immuno  T and  g.w.  immune  spleen  ooll  recipients. 
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Recommendations  and  future  work 

Trager  & Jenson  (1976)  and  Haynes  et  al,  (1976)  reported 
that  it  was  possible  to  culture  the  asexual  stages  of 
P«  falciparum  on  a continuous  basis*  This  was  an  important 
step  forward,  both  with  regard  to  the  production  of  parasites 
for  incorporation  into  a vaccine  and  for  their  use  in 
immunological  studies*  It  remains  to  be  seen  if  all  or  at 
least  the  majority  of  wild  populations  of  P*  falciparum  can 
be  grown  in  culture  on  a continuous  basis*  My  colleague, 

Dr  R*J*M*  Wilson,  after  several  months  frustration,  has  now 
succeeded  in  growing  two  of  our  Gambian  isolates  on  a 
continuous  basis  and  we  intend  to  examine  the  ability  of  a 
large  number  of  samples  of  infected  blood  from  Gambians  to 
adapt  to  continuous  culture*  We  have  samples  of  infected 
blood  from  100  Gambians  cryopreserved  in  liquid  nitrogen  of 
which  87%  grew  from  ring  to  schizont  stage  ana  underwent 
reinvasion  in  microculture  when  a sample  of  the  freshly 

collected  infected  blood  was  washed,  resuspended  in  serum  and  j 

introduced  into  culture*  The  procedure  for  cryopreserving 

and  subsequently  thawing  ring  stages  of  P*  falciparum 

described  above  gave  a satisfactory  recovery  rate  although 

the  washing  procedure  was  drawn  out  and  required  care. 

Snap  freezing  gave  good  red  cell  preservation*  At  the 
present  time  we  are  examining  the  use  of  high  concentrations 
of  salt  solution  (Meryman  & Homblower,  1977)  as  an 
alternative  to  sorbitol  for  washing  the  cryopreserved  blood* 

In  the  procedure  under  investigation,  the  thawed  blood  is 
first  centrifuged  and  the  supernatant  removed,  the  blood 

cells  are  resuspended  in  0.5  ml  of  4*5%  saline  to  which  is  , 

added  4,5  ml  of  3.5%  saline.  The  cells  are  centrifuged  and 

washed  twice  in  physiological  saline*  The  amount  of  lysis 

during  the  washing  process  oompares  well  with  the  sorbitol 

method  and  has  the  advantage  of  being  completed  more  quickly. 

The  oryopreservation  of  trophozoites  and  schizont  stages  of 
P*  falciparum  is  more  difficult  and  needs  to  be  examined  in 
detail*  The  procedure  described  by  Wilson  and  colleagues 
(1977)  fro  oryopreservation  of  the  larger  intracellular 
forms  of  P*  knowlesi  may  be  applicable  to  P*  falciparum 
although  our  preliminary  attempts  were  not  encouraging* 

The  development  of  gametocytes  in  cultures  of  P*  falciparum 
from  freshly  collected  and  cryopreserved  blood  is  an  important 
observation*  This  was  first  reported  in  Annual  Report  DAJA  37- 
73  C3492  and  further  work  is  reported  above*  Since  this 
work  was  carried  out,  Carter  & Beach  (1977)  have  described 
the  development  of  gametocytes  of  P*  falciparum  in  vitro 
which  are  able  to  exflagellate  in  vitro.  Clearly,  the  , 

in  vitro  growth  of  gametocytes  to  a stage  when  they  are 
infective  to  the  mosquito  may  provide  the  means  of  producing 
sporozoites  of  P*  falciparum  in  the  laboratory  for  vaccination, 
immunological  and  biochemical  studies  without  recourse  to 
human  volunteers  as  gometocyto  carriers*  It  is  recommended 
that  Carter  & Beach*  s observations  be  confirmed  and  that 
investigations  of  tho  factors  which  initiate  gametocytogenesis 
be  undertaken*  1 


It  is  clear  that  the  immune  response  to  malaria  parasites 
is  complex  and  that  both  humoral  and  cell-mediated  mechanisms 
are  involved*  Our  investigations  of  immunity  to  P*  falciparum 
in  this  study  have  concentrated  on  humoral  immune  mechanisms, 
in  particular,  on  the  effect  of  antibody  on  reinvasion* 
Cryopreservation  of  P*  falcirtamyi  was  used  to  relate  an  immune 
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response  in  a patient  to  a specific  population  of  parasites , 
a procedure  which  controlled  for  any  antigenic  variability 
within  and  between  strains  of  P#  falciparum#  Although  it  has 
still  to  be  demonstrated  that  P«  falciparum  is  able  to  undergo 
antigenic  variation  the  indirect  evidence  suggests  that 
antigenic  variability  by  the  parasite  should  be  token  into 
consideration  (Wilson  & Phillips,  1976)#  It  is  recommended 
that  more  research  be  devoted  to  devising  techniques  for 
determining  whether  antigenic  variation  occurs  within  strains 
of  P»  falciparum  and  that  the  immune  responses,  both  cellular 
and  humoral,  to  specific  populations  of  P#  falciparum  be 
examined  using  cryopreservod  parasites  as  described  in  this 
report#  Lymphocytes  can  also  be  cryoproserved  (Knight  ot  al#, 
1977)  and  retain  their  immunological  activity#  It  would, 
therefore,  be  possible  to  collect  a series  of  samples  of 
peripheral  blood  leukocytes  from  patients  during  a patent 
parasitaemia  and  at  intervals  thereafter,  and  subsequently 
examined  the  activity  of  these  cells  in  in  vitro  correlates 
of  coil-mediated  immunity,  such  as  lymphocyte  proliferation 
in  the  presence  of  specific  malarial  antigen,  macrophage 
migration  inhibition  and  K coll  activity#  Cryopresorvation 
would  allow  all  the  cells  to  be  tested  on  the  same  occasion 
thereby  making  possible  a strict  comparison  of  the  activity 
of  the  leukocytes  collected  on  different  occasions# 


Although  there  is  currently  considerable  interest  in  the 
immunization  of  primates  with  asexual  erythrocytic  stages  of 
P»  knowlesi  and  P«  falciparum#  in  particular,  with  merozoites, 
it  seems  to  the  author  that  the  rodent  malarias  still  have 
an  important  role  in  investigation  of  potential  immunization 
schemes#  In  the  present  report  it  appeared  that  parasitized 
red  cells,  inactivated  by  minimal  heat  treatment,  are  only 
marginally  less  effective  them  irradiated  parasitized  red 
cells#  The  convenience  of  heat-inactivation  recommends  its 
further  investigation  and  comparison  with  other  forms  of 
parasite  inactivation,  such  as  formalin  (Playfair  et  al. , 

1977),  or  Beta  propriolactone  treatment#  The  value  of 
merozoites  when  compared  with  other  stages  in  the  development 
of  erythrocytic  stages  could  also  be  evaluated  in  rodent 
plasmodia#  It  is  possible  to  grow  both  P#  chabaudi.  P«  berghei 
and  P«  yoelii  to  the  schizont  stage  in  vitro  from  which  it 
should  be  possible  to  collect  merozoites#  The  rodent  system 
should  also  be  used  for  evaluating  the  potential  of  different 
adjuvants  in  malarial  vaccines#  In  the  author's  view  a 
neglected  aspect  of  malarial  immunization  is  the  possibility 
of  using  adjuvants  to  enhance  the  immunity  which  follows 
chemotherapy  perhaps  by  administering  an  adjuvant  at  the  same 
time  as,  or  immediately  after,  chemotherapy. 


Our  investigation  into  the  mechanisms  of  immunity  to 
P.  chabaudi  are  at  a very  interesting  stage  and  should  be 
continued#  Our  preliminary  observations  indicating  on 
Increase  in  K cell  activity  in  malarious  mice  suggests  that 
wtibody  mediated  cytotoxicity  may  be  a mechanism  for 
mtrolllng  malaria  infections#  Our  attempts  to  show 
increases  in  K cells  in  the  peripheral  blood  leukocytes  of 
eel  irleus  children  were  not  successful  although  Greenwood 
• il.  (1977)  were  able  to  do  so#  As  noted  in  the  report, 
•>i  *»ohnlcal  problems  with  the  target  cells  which  made 
iH  * of  the  results  difficult#  Our  observations 
• lie  in  malarious  mice  and  those  of  Greenwood  et  al# 

. lllron  indicate  a detailed  investigation  into 
» 1'ilor  cytotoxicity,  with  and  without  antibody 

• •ril  t tul  elimination  of  malaria  infections# 
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Tho  adoptive  transfer  studies  involved  the  use  of  irradiated 
recipients.  An  incidental  observation  arising  from  the  use 
of  irradiated  mice  was  that  irradiation  induced  resistance  to 
P,  chabaudi  if  infection  followed  irradiation  by  less  than 
7 days  or  enhanced  the  course  of  the  infection  when  infection 
was  delayed  for  2—3  weeks.  The  parasitaemia  was  enhanced  in 
mice  challenged  within  7 days  of  irradiation  if  tho  mice  were 
given  bone-marrow  or  spleen  cells  immediately  after  irradiation, 

A similar  depression  of  the  parasitaemia  followed  cyclophosphamide 
administration.  It  seems  worthwhile  examining  further  the 
nature  of  tho  depression  and  enhancement  of  the  parasitaemia 
noted  above, 

Tho  results  of  the  cell  transfer  studies  suggest  that 
this  line  of  investigation  should  continue  and,  in  particular, 

P , chabaudi  or  P,  vinckei  parasites  which  have  no  preference 
for  immature  red  cells,  should  be  used  where  the  cell 
recipients  are  irradiated.  It  is  our  intention  in  trying  to 
identify  the  active  lymphoid  colls  to  examine  further  the 
relative  role  of  T abd  B cells  and,  in  particular,  to  try 
and  identify  the  role  of  individual  subclasses  of  T cells, 
i,e.  helper,  cytotoxic,  and  suppressor  cells.  More  emphasis 
is  to  be  given  to  examining  spleen  cell  and  lymph  node 
populations  from  mice  which  are  recovering  from  a primary 
and/or  a secondary  challenge  infection.  Recently  Clark  and 
colleagues  (1977)  have  emphasised  the  role  of  non— antibody 
cytotoxic  factors  perhaps  lymphokines  which  are  responsible 
for  the  appearance  of  degenerate  crisis  forms  in  mice 
recovering  from  rodent  babesia  and  plasmodial  infections. 

In  view  of  these  observations  the  incidence  of  these 
degenerate  forms  in  immune  coll  recipients  should  be  determined. 
Our  preliminary  results  reported  above  showed  that  in 
irradiated  mice  given  immune  spleen  colls  protective  activity 
could  bo  detected  in  the  serum  suggesting  one  role  of  the 
transferred  cells  is  in  the  elaboration  of  protective 
antibodies  in  the  recipients  although  it  has  to  be 
demonstrated  that  this  protective  activity  resides  in  the 
gamma  globulin  fraction.  This  observation  should  be  followed 
up. 


A feature  of  malaria  infections  is  that  in  many  hosts 
tho  infection  is  persistent  if  the  host  survives  the  acute 
phase  of  the  disease.  In  P,  knowlesi  infections  in  the 
rhesus  monkeys  it  is  known  that  the  parasite  undergoes 
repeated  antigenic  variation  and  this  facility  probably 
contributes  to  the  parasite  surviving  in  tho  semi-immune 
host.  It  still  remains  to  be  seen  if  repeated  antigenic 
variation  is  a feature  of  most  malaria  parasites  including 
the  human  malarias  and  to  ascertain  whether  the  continued 
survival  of  parasites  in  tho  semi-immune  host  may  also  be  a 
consequence  of  constraints  on  the  immune  response  of  the 
host  to  the  parasite.  This  is  clearly  on  area  worth 
investigation. 

In  last  yoar's  Annual  Report  I said  that  I felt  malaria 
rosoarch  at  the  present  time  was  moving  forward  at  an 
exciting  rate  and  that  not  only  will  this  eventually  lead 
to  the  control  of  malaria  but  will  reveal  many  biologically 
intoresting  phenomena.  This  I still  feel  is  the  case 
and  I and  my  staff  are  grateful  to  the  U,S,  Army  for  allowing 
us  to  shoro  in  this  exciting  time  in  malaria  research. 
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